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willl What the Maker Needs... 


What the Process Needs... 





Flexibility in Application 
Versatility in design... 


| ackaged 


analoo-dicital 


ohm o. 
converters 


Shaft Position to Digital Converters features 
reliability, long life, non-ambiguity and speed 
makes these converters ideal for computers or 
data handling systems where serial read-out is 
preferred, Librascope converters transmit infor- 
mation at almost any rate desired up to | me and 
in some cases above, and may be multiple time- 
shared, holding extra circuitry to a minimum, 
All units quickly adjustable, syncro-mounted, 
Available in Binary, Gray code or Binary deci- 
mal code as shown in chart below. Special units 


may be designed to your order. 


Write for catalog information, 


RESOLUTION PER RESOLUTION 


INPUT GHAFT REV OVER FULL RANGE 


DIMENSIONS 
DIAMETER XK LENGTH 





7 digit 178 
13 digit 128 
17 digit 128 
19 digit 128 


1 part in 128 

1 part in 8192 
1 part in 131,072 
1 part in 524,288 


BINARY 


"20%," 
43%,” 
AK," 

“441,” 





0-2000 200 
0-3600 200 
0-20,000 200 
0-36,000 200 


1 part in 2000 
1 part in 3600 
1 part in 20,000 
1 part in 36,000 


BINARY 
CODED 
DECIMAL 





x 4%, 

x 47%," 
7. ames 

x 4%, 


34" x6%” 





GRAY 256 1 part in 256 








36" x 1,” 





Precision gearing 
Shaft Speed: 120 rpm continuous 
erating temp: 55° C to 4+.75°C 
Shock and Vibration: up to 15 G, 5 to 500 cps. 





Engineers, physicists and mathematicians 
interested in challenging California careers, 


contact Mac McKeague, Personnel Director. 


A SUBSIDIARY OFf GENERAL FRECIGION EQUIPMENT CORPORATION 


iIBRASCOPE c * BOB WESTERN A 


Life Expectancy: Function of lead current. 
For 13 digit unit @ 2 ma. per brush, life approx 
5x10* breaks or makes at approx. 120 rpm 


COMPUTERS. COMPONENTS AND « 


FEATURES: 


« Unique, staggered double 


brush pick-off system 


« Reads out serially into 


relays or single or multiple 
scan matrices 


« Analog-digital or digital 


analog operatior 


May be time-shared 


ociated circuitry can be 


lesigned to fit your 


S@ata-handling problen 


NTROLS 
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among the problems 


we can solve for you... 


No matter which of these categories describes your engi- 
neering problems, there’s a GEDA A-14 Electronic Simu- 
lator custom-designed to save you precious engineering 
man-hours. 

These spectacular new electronic simulators present the 
first commercially available console operated analog com 
puting systems individually designed to specific simulation 
problems. Available with as few as twelve, to as many as 
several hundred amplifiers — plus hundreds of nonlinear 
channels — these GEDA A-14 Electronic Simulators offer 
precision, flexibility, convenience and stability heretofore 
unknown in commercial installations. 


With built-in features you cannot obtain even as options 


COMPUTERS 


The way to give your hunch a chance 


\! 
\; 
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nuclear reactor simulation 

jet engine simulation 

process control simulation 

flight & guidance simulation 

power dispatch simulation 
on other computers, the new GEDA A-14 Simulators offer 
the most accurate, widest band-width linear computing 
equipment plus the most precise high-speed, nonlinear 


And, with the new GEDA A-14, 


widest selection of 


equipment in the industry. 


you have the accessory equipment 


available. 

Exclusive features such as Automatic Read-Out Printing, 
Automatic Dialing System, the unique split problem board 
for analyzing two separate problems simultaneously and 
, make the new GEDA A-14 the most advanced, 
most flexible analog computing systems ever offered to 


many more 


industry. And, you get these custom-built features at pro- 
duction economy. 


We would welcome the opportunity to discuss the details 
of a GEDA A-14 installation —large or small 
designed to your exact requirements. Write: 


Goodyear 
Aircraft Corporation, Dpt.931GW, Akron 15, Ohio. 


custom- 


> > ° 
Now available is a new Goodyear Engineering Report, 
GER-7648, which describes the principles of operation 
of the GEDA A-14 Nuclear Reactor Simulator. 
Write now for your copy. 


GOODZYEAR AIRCRAFT 
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POWER SUPPLY 
HIGH OUTPUT LEVEL 


EXTREMELY LOW NOISE 
BROAD BANOWIOTH 


10 ACCURATE GAIN RANGES 


HIGH INPUT IMPEDANCE 
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KAY LAB VV 
| KAY LAB 


SPECIFICATIONS 


Gain 0, 20, 30, 50, 70, 100, 200, 300 Power Requirements 
500, 700, 1000 Amplifier l 

Gain Accuracy 1% DC to 2 KC Cabinet l 

Input Impedance 100,000 6 Unit Rack Adaptor 1 

Output Capability at DC Oto 35 V where Ri > 1000 Dimensions. Amplifier Unit 2%" wide, 7%" high, 14 
0 to = 40 MA where Ri Is 10 to 400 9 Rack Adaptor for 6 Units 9” wide, 8%" high, 18 

Output Impedance Less than 1 © in series with 25 wh Net Weight — Amplifier 11 pounds 

Equivalent Input Orit 2 uv with regulated line : 

Equivaient Input Noise 0 to 3 cps, less than 5 wv peak to peak PRICE: Amplifier Unit 9550.00 
0 to 750 cps, less than 5 wy RMS 19-inch Rack Adaptor for 6 
0 to 50 ke, less than 12 wy RMS amplifier (with fans and connectors) 200.00 

Chopper intermodulation Less than 0.1% Cabinet for single amplifier 

Linearity Better than 0.1% to 2 KC (with fan and connector) 

Frequency Response 3% (0.3 db) DC to 10 KC iS available 
less than 3 db down at 40 KC 


17 V— 60 cycles — 70 VA 
17 V— 60 cycles ~ 15 VA 
17 V— 60 cycles — 45 VA 
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Representatives in all major cities. 
5725 KEARNEY VILLA ROAD, SAN DIEGO 11, CALIFORNIA: BROWNING 7-6700 
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Do you 


think about 


Angular 


Accel ration 24 
QQUGLAS <>» 
> 
G <> 


does... 


and uses Statham 
Angular Accelerometers 
to test 


Statham unbonded strain gage liquid 
rotor angular accelerometers offer a 
simple, reliable means for the study of 
the rotary motion of a test body under 
conditions where a fixed mechanical 
reference is not available. For static 
and dynamic measurements in ranges 
from +1.5 to £3,000 rad/sec® four 
standard models are offered. 


Please request Bulletin AA2 


CONTROL ENGINEERING 


SHOPTALK 


A glance at our cover this election month, with its 
views of two great Control Conventions, shows that we. 
too, have a platform. It’s ‘Meeting the Needs of In 
dustrial Control”. And not to be outdone by other cam 
paigners, weve thrown in the gripping slogan, “Peace 
Prosperity, and Potentiometers”. Seriously though. in 
hrming up this issue, we decided to clarify for our reader: 
and ourselves) thi basic needs or oul hic Id Lhe VY Callie 
to three 

more technical cross-fertilization—User Needs 
better field evaluation of product—Maker Needs 
closer liaison between users and makers—Process 


Needs 


MEETINGS MEETING THE NEED 


‘Take the first need—more technical cross-fertilization of 
users of control. What could be a better sign that this 
need has been satisfied than the two recent conclaves held 
at opposite ends of the land? Start reading on page 25 


to see how this need was met 


USERS REVEALING THE NEED 


\nswering the second need—the need for better data 
on what is wanted in control product—Industry’s Pulse, 
page 71, lets 719 users in the flow-process industries tell 
what they think about electronic vs. pneumatic equip 
ment. And to add emphasis to this need, we asked ou 
Control Personality, Vic Hanson, page 21, to write this 
month’s editorial, page 79. Read it to see why the user 
often finds it necessary to meet its own equipment needs 


TEAMS ATTACKING THE NEED 


And then there is the third basic need—the need for 
user-maker cooperation to advance control. ‘The du Pont 
Burroughs story, page 83, shows what can happen when 
specialists on both sides of the fence team up on a project 
Oh, Yes .. . Our Need 

There’s a fourth basic need which we waited until now 
to mention, because it is peculiarly our own. It is a need 
on this staff for another prolific writing-tvpe engineer from 
our field. Any ideas on how we can satisfy this need? 


He satisfied a 
need in ‘36 


On the right is Vic Han 
son's famous electronic in 
stream controller page 


21) 





largest double-seated control valve ever made 


When you are talking big control valves, 

talk to Kieley & Mueller. K&M is the largest 
manufacturer of the big ones, cortrol valves 
above 16 inches. Standard globe-type valves are 
available in 20, 24, 30 and 36 inch sizes; even 
larger valves will be produced on special order. 
This 36-inch double-seated angle valve 

closes snugly on giant Teflon seats. The inner 
valve positions responsively, gliding on special 
roller-slide bearings. It’s massive, but is operates 
protected by a K&M patented torque resistor. 
Beyond the problem of size, this valve is 
mounted on its side, and it has been performing 


creditably for over four years, 


BIG or small, if it’s control valves, you'll 
like the pitch-in, helpful approach of your local 
K&M representative . . . plus « apable 


engineering and manufacturing follow-thru at 
the K&M plant. 


Write for Bulletin CV-53. 


ABOVE: Partial cross-section of K&M 
36-inch valve showing general con- 
struction 

AT RIGHT: Actual size of a 36 inch 
valve can be visualized from this illus- 
tration of a workman inside the vaive 
body performing finishing operations 


KIELEY & MUELLER, INC. 


64 Genung Street + Middletown, New York 


78th Anniversary ... Oldest U.S. Pressure and Level Control Valve Manufacturer 
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.. about Design Testing I 
of Complete Systems | 


As a design, analysis, and test center, 
Servomation® Building Blocks offer 

the design engineer equipment that fea 
tures exceptional flexibility and ease of 
operation. Servo control systems can be 
quickly mocked-up and tested, with the 
wide variety of standard servo compo 
nents, external patch cord and jackboard 
connections, and the versatile Servoboard © 
and Servoscope® components of the 
Ihuilding Blocks Closed loop character 
istics can be predicted and pre-production 
‘bugs’ eliminated. The Building Blocks 
also allow you to change design para 
meters in the mechanical part of the sys 
tem simply by rearranging or substituting 
components 

In addition to its function as a design 
and test lab, the Servomation® Building 
Blocks can also perform as an automatic 
production control system, data process 
ing center, and electro-mechanical com 
puter 

The Servomation*® Building Blocks, as 
a design and test lab, have wide applica 
tion in the development and synthesis of 
control systems a drone aircraft; control 
and guidance systems of guided missiles; 
and automatic airspeed and altitude con 
trols, The Building Block computer com 
ponents are available as 60 or 400 cycle 
units, and specifically packaged so that 
individual units can be installed as part 
of an airborne control system for pre 
liminary flight tests before the final design 
is frozen 

For the full story on the Servomation*® 
Building Blocks, please fill in your name 
and title in the section below. Attach it 
to your company letterhead and mail it 


Chief Control 
Systems Engineer 


Electro-mechanical 
Control Systems and 
Components for Industry by 


—] Eafe) 


lode] i 2¢).7 Sale). | 





Tom Westover, Dept. WB-7 

Servo Corporation of America 

20-20 Jericho Tpke., New Hyde Park, L.1., N.Y 
Please send me more information on 
Servomation* Building Blocks 

Name 


Title » 4 
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FEEDBACK 


Legal bits are redundant . 

lo tHe Eprror 

Kudos to Conrrot ENGINEERING 
for the brilliantly clear exposition 
(August 1956) of the U.S. Patent Of 
fice enigma—how to process the flood 
of applications against the geometri 
cally increasing prior art recorded in 
the patents and technical publications 
of all lands 

After Patent Office Classification 
Chief Andrews has successfully hat 
nessed his “ruly English” and Boolean 
algebra to conquer command coding, 
I suggest he turn his attention to the 
input to his computer, i.e., the patent 
applic ations we patent practitioner 
submit. Such a legal document, even 
though largely of technical content 
cannot take the form of a “program” 
Among other difficulties, it would not 
be easy to convince most inventors 
patent lawyers, examiners, judges, en 
gincers, and scientists that they must 
become proficient in digital lore 

The heavily stylized form of applica 
tion presently in use encourages ré 
dundancy both in the exposition of 
the invention and the claims. With 
the more precise requirements of a 
coding system in mind, no doubt the 
current format will have to be changed 


PROBLEM FORUM ... 


to one easily translatable into 


such 


more 
system. 
Stanley 
Nc W 


\\ older 
York, N 


Managing Editor Slater tips his hat 
to his public; his report on the pres- 
ent and future of patent processing 
was well received. In the words of 
another respondent: 

The usual treatment of patents b 
comes bogged down in details of pat 
ent law. The unusual approach of di 
cussing how the system operates makes 
very interesting reading. | been 
active in patent law for many yea 
but many things in this article 
new to me. 


have 
WEI 


Patent Attorney 
Ramo-W ooldridge Corp 


It is our policy to publish in the 
Feedback section comments on the ad- 
ditions to articles and departments car- 
ried in the magazine. The additions 
may be improvements on techniques 
presented by authors in their articles. 
Here is an example. Turn to this sec- 
tion for more in future issues. Ed. 


lo THE Epiror 


The analog computer circuit pub 


Appropriately in this election month, our problem 
deals with an urgent call from fast-growing Los Angeles 


County for a foolproof, mechanized ballot box. 


The 


county’s Board of Supervisors, whose “contribution” is 
described in newsstory-fashion below, will consider any 
design provided that design meets some pretty challeng- 


ing requirements. 


The supervisors would retain one 


patent right—to have the accepted equipment manu- 
factured without payment of royalty—but all other rights 


would remain with the contractor. 


And that suggests 


something well to remember: this time the modest CtE 
cash awards to be paid for the best solutions will take a 
back seat to a much more important prize—a handsome 
contract for your firm. All answers, of course, will be 
forwarded to Southern California. 


There's a tall order in data proce 
ing waiting to be filled today in one of 
the most dense electronics areas in the 
country. The area is, 
Angeles, and the challenge there 
comes from the County Board of Su 
pervisors, Which is looking for a wa‘ 


of course, Los 


to simplify, speed up, and economize 


on its ballot-tallying tem. It is an 
coincidenc that 
probably is the first direct 
this nature to makers of 
control hould be 
of the nation’s most 


interesting what 


ple 1 oT 
1tomati 


device made b 


] 


overseer Ol 


oting system, and should inate im 


Continued on p. If 





where 


reliability 


counts... 


...-Giannini AC output, inductive pickoff accelerometers are specified 


Giannini Ac output, inductive pickoff accelerometers 
provide the precise accuracy and consistent reliability 
demanded by today’s high speed, high altitude aircralt 
and missiles 

Suppl menting the wide range of Giannini potennt 
ometer output accelerometers, the Series 24611 are ideal] 
for accelerometer application: requiring supe rlative per 
formance in the most critical airborne guidance and con 
trol systems. Through virtually frictionless inertial mas 
suspension, the magnetically damped Series 24611 Ax 
celerometers offer extreme sensitivity and low threshold 
and, as in all Giannini products, neviapiciry is their 
distinguishing feature. 

WHERE RELIABILITY CouNTS, the Series 24611 is the 
criterion for accurate, consistently reliable ac measure 
ment of linear acceleration 


For furthe r information, write for Bulletin 24611 


i 


sales offices | 


GIANNINI & CO., iNC. +918 EAST GREEN 


| NEW YORK 1,N.Y., Empire St 
CHICAGO, IL., 8 So. Michigan Av: 


Specifications: 
‘ 1 
RANGES 9 es 
t 1U.Ug 
THRESHOLD GENGITIVITY 
ms low as 10°%g 
ac ouTeuT to 20) 
REPEATABILITY 
better than 0.1 
DAMPING nagnetic, 
ulomb friction 
ponse follow 
y that of a 
rder reso 


ineering positions 
¢ open for career 
ided young men 
at several location 
write for detail 


CHickhering 4.4700 


Vdower 41-5272 + PASADENA, Calif 18 E. Green St., RY an 1-7152 


STREET + PASADENA, CALIFORNIA 
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41," DIAL 
THERMOMETERS 


FEEDBACK 


Made in 3 types to 
suit any requirements, 
Rigid stem, wall or 
flush mounted, 11 
inches of scale read- 
ing. Interchangeable 
with standard indus- 
trial seporable sock- 
ets. Stem can be 
placed at any angle 
and case can be ro- 
tated to any readable 
position. 


it zero delay time (R 0). ‘Vhe 
reduced noise characteristic eliminates 
need for C,, thu illowing dy 
namic variation of delay time by 
ply using ganged servo-driven poten 
tiometers for the R 

Since some of the early work was 
done jointly with Gilbert S. Stubbs, 
| would like to call particular atten 
tion to the first reference given in the 
following} bibliography for last 


lished in my article, “An Analog for even 
Process Lags”’, ENGINEER 
inc, October 1956, has certain limita the 
tions that 
addition of another operational ampli 
fier. ‘The circuit in the article permit 
“continuous variation of delay time 
that is, selection of any of an infinit 
number of delay between zero 
and the suggested 11-sec limit, “but 
not without distortion during varia 
tion’. This means that the circuit month’s articl 

cannot simulate a process lag that |. Transport Delay Simulation Cir 
varies during operation, a conclusion cuits (WAPD-1 S. Stubbs 
that might be inferred from the sum and C. H. Single, Westinghouse 
mary paragraph at the head of the ar- Atomic Power Dj I'echnical 
ticle. ‘That circuit also has the limita Report 38, May 1952 

tion of increasing output noise as the Supplement to Reference | 

made shorter, becoming A Sub-Audio Time Delay Circuit, 
times of less than C. D. Morrill, I'rans, IRE”, 
PGEC, Vol. 3. June 1954, pp 
+5-49 

lime Delay Networks For an 
Analog Computer, W.-]. Cunning 
ham, “Trans. IRI PGEC, Vol 
EC-3, No. 4, December 1954. 
lime Delay Circuits For Analog 
Computers, C. H. Single, Beckman 
bulletin 


Richmond, Calif 


CONTROI 


can be overcome by the sim 


times 


$5), (> 


delay time is 
serious for delay 
about one second 

I enclose the “modified circuit’ re 
ferred to in the article, which re 
quires an additional operational ampli 
fier (Number 2), and which does per 
mit simultaneous delay 
time and input signal without distor 
tion of the signal. This circuit 
avoids the limitation—its 
level than 10 my rms @ 


RECORDING 
THERMOMETERS 
variation of 
Twelve inch die-cast 
aluminum case with 
black or white wrinkle 
or satin finish. Single 
or multiple pen con- 
struction, Electric or 
spring wound clock, 
24 hour or 7 Day Rev- 
olution, Flexible Ar- 
mor and bulb of stain- 
less steel, Ranges —40 
+ 950° F or Equivalent 
in °C, 


also 
Instruments, Inc 
H. Single 


Hose Nose 


will be ke ss 
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INDUSTRIAL 
THERMOMETERS 





Red-Reading Mercury 

Extruded brass case 

-—— chrome finish, 

Ranges —40 + 950°F 

or Equivalent in °C, 

| 

For the record 
| lo rue Eprror 


tion with 
imilar good d or li 


mark Digitzer” in connec 


not manutacture 


RED-READING 
MERCURY 
LABORATORY 
THERMOMETERS 


Thoroughly annealed 
for permanent accu- 
racy. Complete line 
A.S.T.M, and fractional 
division types. 


WRITE FOR CATALOG 
INFORMATION 


PALMER 


THERMOMETERS INC 


CONTROL 


ENGINEERING 


We note in your September 1956 
issue, page 244, that 
the development of a “Shaft Digitizer 
by Jones & Wettlaufer Engineering 
Though the term “Digitzer 
lends itself naturally to the de 
tion of conversion 


you announced 


Corp 
crip 


analog-to-digital 


equipment and was obviously not used 
‘ee 


with deceptive intent, we should like 
to call your attention to the fact that 
it is the subject of trademark No. 585 
177 on the Principal Register of th 
United States Patent Office. Thi 


trademark was issued 13 April 1954 to 


Coleman Engineering Company, In 


md applies to clectromechanical con 
tact-setting devices for indicating po 
sition of a rotatable shaft 


Wi that any use of th 


be heve 


censed by Coleman Engineering Com 


pany, Inc. will result in confusion in 
trade with 


ongin of the goods 


ource oO! 
constitute 


registered 


regard to the 
ind so 
in infringement of — the 
trademark. As 
ict to the 

feel sure 


such confusion can re 


disfavor of all concerned 
that you will understand 
that the use of th 
ination 


rter be 


our request term 


Digitizer” as a generic cde 
for analog-to-digital conv 
ivoided 


Since we 
tion 


called to vour atten 
registration of the 
mark that vou 
vill agree with our own point of view 
vith regard to its application. We feel 
that it is not only to our own interest 
but also to those of 1 ders 


have 
our use and 


Digitizer”, we hop 























Two-Hundred-Million-Year-Old Inertial Navigator 


Eons aco the fly had two sets of wings. His second set of the interest of an inertial-guidance-systems Engineer. We 


wings shrivelled into the vibrating gyros entomologists construct inertial guidance systems. Those bearing the 


call halteres. The fly now flies with his own inertial guid Litton Industries name have a simplicity of design and 


ance system, efficient enough for his needs and marvel compactness unsurpassed in this complex field. They are 


ously compact. Our interest in the anatomy of the fly is designed to function at Mach Numbers that are classified. 


LITTON INDUSTRIES BEVERLY HILLS, CALIPORNITIA 


York 


Plants and Laboratories in California, Maryland, Indiana and Neu 


PRECISION COMPONENTS 


COMPUTERS AND CONTROLS RADAR AND COUNTERMEASURES INERTIAL CUIDANCE 
IMULATION RESEARCH 


DIGITAL 
SYSTEMS SERVOMECHANISMS SPACE 


MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING 
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the MISSING LINK 
in electronic control... 
the electro-hydraulic 


. FINAL CONTROL element 


new ASKANIA 
ELECTRO-HYDRAULIC VALVE ACTUATOR 
IS CONTINUOUS-ACTING, DEPENDABLE 


@ Here’s a new valve actuator which makes 
remote electrical operation of the final control 
element a reality for the first time. Adaptable to 
practically all electronic controllers, it produces 
gn accurate, dependable heavy duty action 
capable of delivering a 600 lb. thrust to slide 
stem valves up to 8 inch size. Relays and posi- 
tioners are eliminated because the actuator 
connects directly to the controller. 


SIMPLE OPERATION... 
EASY MAINTENANCE 


@ Operation of the Askania “EHVA” is 
automatic. Maintenance is less because there 
are no compressors, dehumidifiers, filters or 
piping to create trouble. 

Trouble sources are greatly minimized... 
failures seldom encountered...easy to locate 
and rectify. 


ELIMINATES WEATHER FACTOR 


@ Electrical operation means no inconvenience or failure from 
condensation or freezing. Trouble free operation under any conditions... 
indoors or out, winter or summer.,.is assured—all the way to the final 
control element with Askania’s Electro-Hydraulic Valve Actuator. 


Check These Facts: Permits all Electric Control Throughout the System e 
Weatherproof Performance e« Simple to Install—and Operate « Con- 
tinuously responsive to small signal changes e Accurate Valve Positioning 
Assured by Force Balance Principle. 


FEATURES: vive stem Speed...0.5 in/sec Valve Stem Thrust. . .600 Ibs. 


Valve Stem Stroke VY, to 2 inches 
Input Coil Resistance 3,000-18,000 ohms 
Input Signal approx. 75 milliwatts d.c. 


Write for Bulletin No. 200 for complete information on how 
“EHVA" control might be adapted to your control system. 


CONTROLS FOR INDUSTRY 


ASKAWNIA recutaror company 


266 East Ontario Street, Chicago, Illinois 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS, 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A Subsidiary of General Precision Equipment Corporation 


CONTROL ENGINEERING 


FEEDBACK 


tributors, and advertisers that a mark 
which has become established in trade 
should not be applied to similar o1 
competitive goods. 

W. E. Martin 

Coleman Engineering Co., Inc. 

Los Angeles, Calif. 

Certainly it is in the best interests 
of readers, contributors, and adver- 
tisers to clarify any confusion in the 
use of registered marks. As _ publica- 
tion, in a national magazine, of engi- 
neering innovations and of registered 
marks is recognized as evidence by the 
United States Patent Office, we gladly 
publish Mr, Martin’s clarifying letter. 
We point out, though, that the term 
“Shaft Digitizer” does appear on the 
face of the Jones and Wettlaufer prod- 


uct. Ed. 


We furnish CSE too . . 


lo rue Eprror 

In looking through the September 
1956 issue of Conrrot ENGINEERING 
we discovered the list of sources for 
control systems engineering con 
tained on pages 92 and 93, We are 
interested in knowing what methods 
were used in determining — thes 
sources, 

We noticed that under motor con 
trol manufacturers the only source 
listed was the Reliance Electric & En 
gineering Co. of Cleveland, Ohio 
We, as control manufacturers, hav 
been active in this field for a good 
many years and we know that most 
of our major competitors have also 

Paul R. Goudy 
Square D Co 
Milwaukee, Wis 


The sources listed were meant to be 
representative, not complete. In fact 
the Industry’s Pulse referred to by 
Mr. Goudy states, “Despite the fact 
that many important practitioners were 
undoubtedly missed in this arbitrary 
mailing of questionnaires, the 27 de- 
tailed answers received offer an inter- 
esting view of the ‘state of the art’ 
as it can be bought by any manufac- 
turing firm not itself equipped to 
follow the steps of control systems 
engineering.” If complete in each of 
the five groups selected, the list would 
have run for many pages—pages not 
budgeted for that issue. Ed. 


SIC mongrel still bites .. . 


Recently our elder sister magazine, 
Business Week, published in an article 
on business activity the statement that 
the instrument industry showed “re- 
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SPECIAL WEIGHING SYSTEMS 
FOR SPECIALIZED APPLICATIONS 


manufacture will gladly review your spe 
cialized applications and make a recom 
mendation 


Alth« 


newly-de 


make much of our 
igned weighing system ‘‘pack- 
our engineers with years of exper- 
ience in weighing system design and 


ugh we 


age 


By either modifying an existing de- 
sign, or designing new equipment, we can 
DS satisfy the needs of any weighing applica- 
tion with rugged and accurate equipment. 
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How Capacitrols solved 


critical temperature control 





problem in transistor 


manufacture at RCA 


EACH ZONE 6 IN LONG 
HEATED BY 1000 WATT 
TEMPERATURE RESISTOR CONTROLLED @Y 
INDICATED BY MODEL 402 = FURNACE OPERATES UNDER MODEL 407 CAPACITROLS 
‘ ORY HYDROGEN ’ 
ATMOSPHERE 

















WATER JACKETED MUFFLE 


BARBER — COLMAN 
CONTROL CENTER 
2) MODEL 407 moor 610 PILOTS Pa 


URABLE CORE 
REACTOR 





CELLS PLACED INTO 
"BOATS" FOR TRIP anor A aa 
THROUGH FURNACE er 


1) MODEL 402 


Diagram above shows smalier of two furnaces 
producing transistor cells. Two minute balls 
of indium are alloyed onto opposite sides of 
a .002 in. thick slice of germanium. Zones of 
germanium-indium alloy must grow inward 
toward central plane of germanium wafer to 
within .001 in. of each other. Conveyor belt 
carries cells through four furnace zones 
heated by resistors rated at 1000 watts per 
zone. Two Model 407 Capacitrols control 
temperature of zones | and 2. One Model 
402 Capacitrol indicates temperatures in 
zones 3 and 4 by switching 

Photo at left shows workers preparing cells 
before Wheeico Control Center of larger, 12 
zone furnace on which Model 407 Capacitrols 
similarly control and indicate temperature 
Controlled temperatures are 610 to 550C 


By applying accurate Wheelco 400 Series Capacitrols to two furnaces, 
RCA solved the key problem of process temperature control during 
crystal growth in its Harrison, New Jersey, transistor plant. The 400 
Series Capacitrols are completely self-contained, direct-deflection-type 
indicating controllers with a wide range of application to jobs where 
temperature control is critical. 400 Series Capacitrols operate on the 
proved and accepted Wheelco “electronic control principle’ —a precise 
control circuit constantly sensing changes in the measured variable. 
Simple design, careful workmanship, and quality materials insure long, 
trouble-free service. Write today for details of RCA’s challenging prob- 
lem and the simple solution found in Wheelco’s 400 Series Capacitrols. 


WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


DEPT. K, 1548 ROCK STREET, ROCKFORD, ILLINOIS 
Industrial Instruments .« Automatic Controls . Air Distribution Products 


Aircraft Controls « Small Motors « Overdoors and Operators .« Molded 
Products «+ Metal Cutting Tools . Machine Tools . Textile Machinery 
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cession symptoms”. We rushed to our 
July issue, fondled its cover, and re- 
read that issue’s Industry's Pulse and 
the feature news item on pages 16 
and 17. Our story did not jibe with 
BW’s at all. 

Within days we received from F. G. 
Goggin, Detroit Controls Corp., a 
postal lash for BW’s apparent abbera- 
tion. What to do but pass it on to 
Ken Kramer, Managing Editor of BW? 
Here, in part, is his answer to Mr. 
Goggin. It repeats the message of our 
July editorial—‘Needed: a New Indus- 
try Breakdown”. 

Rit instrument 

i retting mor 
up—‘ impure is the 
to put it. In addition 
who make instrument 
ously expanding line 

chemical manufa 

includes—for xample—op | equip 
ment and lens urgi 1 ument 
ven photographic equipment and it 
fail to include man istrument 
made by diversified com bi 
expert iy these are the reasons the 
la an go in one direction while in 
dividual instrument ma 
going the Oppo ite 

Obviously, if we ha 
thii mongrel breed of 
would have done on 
1) drop it out entirel 
with a full definition 
luded in the categor 

We're still campaigning for an im 
proved SIC. Keep sending your sug 
gestions in, Ed. 


When transistors overload 


In the article, “Applying Power 
Iransistors to Control,’ page 78 of 
the October issue, author Aronson 
points out that transistors can be over 
heated for short times that depend on 
the time constants of the transistor 
and its heat sink. Accurate calculation 
of the signal frequency at which the 
transistor will overload is difficult. Be 
cause rigorous methods seem unreason 
able, we asked Aronson to develop 
some rules-of-thumb which would give 
the applier ot power transistors some 
“ballpark” figure for frequency limits. 
Here's his answer. 


rHe Eprror 

1 transistor were 
ideal infinite heat hea 
ipated in the transist uld be 
drawn oft by the ( T vithout 
the he 
perature. Since the 
be cooled by the heat 
be operated at a higher 
tically speaking, a heat 











EDISON 
OMNIGUARD 
IMPROVES 
OPERATING 


EFFICIENCY 


Whether you're seeking more production from 
electric power stations and plant equipment or 
greater safe speed from seagoing vessels, you will 
find Omniguard can help you get more efficiency 
from your present equipment 


Many operators are already using Omniguard, the 
unique temperature indicating and alarm system 
designed by Thomas A. Edison, Inc., as the best 
means of eliminating waste due to downtime, re 
pairs and lost production. 


Omniguard improves plant efficiency and lets you 
operate at peak capacity because it unfailingly 
reports when dangerous temperature conditions 
occur at one or more points. And does it at sur 
prisingly low cost. 


In 

POWER 
STATIONS or 
CARGO 
SHIPS... 


A modular system of monitoring one to an un- 
limited number of points simultaneously, Omni 
guard watches continuously. When a bearing starts 
heating up or a process becomes critically hot, it 
automatically gives a warning and/or shuts down 
the equipment before it is damaged 


The low cost unit is easy to install. It is non-elec 
tronic and simplifies installation and maintenance 
through the use of copper wiring between all 
components. 


See for yourself. A personal demonstration can be 
arranged at your own plant. Take it apart. Analyze 
it. Find out how simply Omniguard improves 
operating efficiency. Just write! 


A 44 


A GREAT NAME CONTINUES GREAT NEW ACHIEVEMENTS 


Thomas A. 


INCORPORATED 


INSTRUMENT DIVISION * 


48 LAKESIDE 


AVENUE © WEST ORANGE, NEW JERSEY 
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GAbE PRESSURE TRANSDUCER 


—high performance in miniature size 


Only 1%” in diameter... %4” thick, this is an exceptionally small gage pressure poten- 
tiometer. Its miniature size and compact configuration permits use in ground and airborne 
installations —in control telemetering or remote recording circuits—wherever space is 
at a premium, 

Time proved performance, This is a fully integrated instrument built for high reliability 
under extreme environmental conditions. The dependable Bourns Bourdon tube assembly 
and linkage system provide exceptional shock, vibration and acceleration characteristics 
... linearity and hysteresis are excellent. Units are designed to meet or exceed most 
government specifications for airborne equipment. 

The Bourns Model 304 weighs about 2 ounces. It operates with a high-level AC or DC 
signal. Pressure ranges: from 0-100 to 0-5000 psi. Three Bourdon tube materials are 
available: 

Beryllium copper—the standard construction—for non-corrosive fluids. Measures air, 
Freon, oil, and other common media. 

Stainless steel—permits corrosive fluids such as fuming nitric acid to be applied within 
the tube. 

Ni-Span-C — provides low temperature error for versatility of application. 

Complete data in Bulletin No. 304. 


~ ABSOLUTE AND DIFFERENTIAL PRESSURE 


In addition to the Model 304, Bourns manufactures a complete line of high pressure trans- 
ducers in absolute and differentia) ranges, for use with corrosive or non-corrosive fluids. 
Request Bulletin No. 70456. 





MODEL 704 —differential MODEL 706—difterentiat § MODEL 705—absolute 
pressure type with Stainless pressure type with Beryllium @ | pressure type for use with 
steel Bourdon tube copper Bourdon tube K clean, non-corrosive media 


6) PBouens LABORATORIES 


General Offices: 6135 Magnolia Avenue Riverside, California 
Plants: Riverside, California—Ames, lowa 
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crease in temperature as p r is di 


sipated in the transistor, but during 
the short time interval after the appli 
cation of power, temperature does not 
significantly increase. For this period 
of time the heat sink can | onsid 
ered infinite. 

The period of time can be estimated 
from the heat-sink initial thermal rat 
given in deg C/sec, for a particulai 
thermal current in watts. If a chang 
AT,/deg C is considered the limit 
of temperature increase for an infinit 
heat sink, and if the applied power i 
known, then the time it takes for th 
heat sink to experience the temper 
ature change can be found from th 
equation for the initial thermal rat 
dT, AT, I, 

dt \/ ( < 4.19 
where: T’, is the heat 

deg CC 

t is the time 

I, is the thermal 
(see art ke fol 

C,, the heat ipa 
heat sink material qual t 
the product of sp heat 
density (gram ind vol 
ume (c of the heat sink 

Equation 1 shows that the approxi 
mation of an infinite heat sink 
llowable AT, of about 2 deg C) de 
pends, for a given heat-sink design, on 
the thermal current and the time dur 
ing which the peak current is applied 
Thus, a large power can be applied 
for a short time, or a small 
1 longer time 

When thermal curr 
the heat-sink-transisto 
the rise of temperature 
exponential. However, | 
shows that the initial ra 
iture rise 1 ipproximate!] 
within the time interval 


than Ds 


where D is the small 

cms) of the heat sink and 
iluminum and copper heat 

Equation 2 serves to cl 
the heat sink designed 
dissipation can handle requir 
power for the time At. If Equa 
vields a value greater than t 
used in Equation 1, the heat 
infinitely with pe ik the 
ind other conditions u 
tion for pulse duration 
But if the value is small 
ink’s volume must be inc 
Equation 2 recalculated unt 
is greater than Af 

H. LL. Aron 


Cambridge 





tor Beller. Contoo€ 
of MOTOR and 
HEATER units 


Me GUARDIAN 
ar POWERLOID 


% Designed by Guardian—this new POWERLOID offers definite 
advantages which are far ahead of anything being offered for the electro- 
magnetic control of motors (tested for 230 v., A.C. loads, up to 3 H.P.) 
and heater units (up to 8400 watts). Rugged, totally enclosed ...low priced! 


CONTACTS: S.P.S.T. dual make, or S.P.S.T. dual break; or with S.P.D.T. dual make 

and dual break. Also, with S.P.S.T. dual make, or S.P.S.T. dual break utilizing an auxiliary 

switch on the outside of switch housing. COILS: standard voltages up to 230 v., A.C., 

60 cycles and up to 110 v., D.C. CONTACT TERMINALS: 8-32” x %”" Screw Type; 
Spade Coil terminals, .032” x .250” tabs designed for A.M.P. female receptacles. Assigned 
CONTACT RATINGS: 3 H.P. U/L motor load at 230 v., 60 cycles—6000 watt resistive 
load—500 watt iy eee — ner" 


Si PR nger SPECIFIED 


ae fo TT 5 sentws) | - .. MACHINES 

7Ae. GUARDIAN SHI a | tf saa High Speed) 
RELOID* | esas ed rt) \ / a ceunaeET ? 
) | pm Al) Zs REFRIGERATION 


Be Fe ee “ EQUIPMENT 

P ; : 1 °° Cameras . BATTERY CHARGERS 
The Guardian RELOID, an electromagnetic switch actuated BUILT-IN AND 
by a plunger, is rapidly becoming the accepted standard by ELECTRONIC OVENS 
leading manufacturers of electrical home appliances, vending MAGNETO STARTERS 
machines and similarly powered units. Totally enclosed in a HEAT C s 
sturdy metal case, Guardian RELOIDS are resistant to HAIR ont At 
moisture, dusts and impacts—withstand rough handling on 


assembly lines. Priced Low! plus Many Other 
Arrange for delivery of Production Samples and Applications 
quotations on Guardian POWERLOIDS and RELOIDS. 


GUARDIAN W ELECTRIC 


1623-M W. WALNUT STREET CHICAGO 172, ILLINOIS 
“Everything Under Control’’ 
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One of the three gas-fired ovens for 
curing H-1 Fishing Rod blanks. Partlow 
Model RCS Recording Control is visi- 
ble on outside of oven 


Close-up of Partlow Model RCS Re 
cording Control on H-! curing oven 
Eoch oven. is governed by one of these 
controls 


Partlow Controls help put 
more fun in fishing with 
<J> Power Glass Rods 


No matter what you make, Partlow Controls will help make it better! 


Horrocks-Ibbotson Co., Utica, N.Y., manufacturers of the world’s largest 
line of fishing tackle, depends on Partlow Controls for accurate heat in 
curing woven glass rod blanks. Pin-point heat contre! is necessary to assure 
proper resiliency and action in the finished rod. 


Blanks undergo a 3-hour curing cycle . . . are brought slowly from room 
temperature to 320°F, then held there for 1% hours 


Partlow Controls also are used in several other H-! operations 


BRING YOUR TEMPERATURE CONTROL PROBLEMS TO PARTLOW 


There's a Partlow model just right for your job for use 
with oil, gas, steam or electricity 


Write today for Condensed Catalog Dept. C-1156 


the pioneer in mercury thermal controls 


THE PARTLOW CORPORATION + NEW HARTFORD, N.Y. 
Offices in All Principal Cities 
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(Continued from page 6 


ection ippropriatels dubbed co 
lussus of control” (CtKk, March °56 
» 55 

But until somebody comes up with 
a solution to its problem, this coin 
cidence will continue to mean very 
little to a countv whose registrar of 
voters has to keep tabs on about 200 
elections annually, each one of them 
supervised by 50,000 clerks in 10,000 
precincts, and all of them wrestling 
with more and more cross-marked bal 
lots as the population of the county 
takes a jump of 165,000 every year 

If the number of precincts can b 
cut in half, says the Board of Super 
visors, so can the cost of cach elec 
tion, and the way to accomplish the 
first is to increase the capacity of each 
precinct. Here is where electronic 
data processors would play their big 
gest role. They would not chop into 
the per-day cost of operating each pre 
cinct (now $93, including salaries and 
rent), but would, believes the board 
illow a precinct to handle 600 voters 
or twice as many as it handles today 
When you multiply $93 by 10,000 
(the number of precincts), you get a 
product close to $1 million for each 
major clection. Cut that in half and 
you have a handsome savings indeed 

But if there is going to be saving 
in manpower, says the board, it can’t 
be done at the expense of the remain 
ing 25,000 precinct workers, some of 
whom can be found counting ballots 
up to 4 o’clock on the morning after 
in election. ‘Thus there must be som« 
machinery for simplifying the process 
right in the precinct house. And that’s 
another part of the problem: each of 
the 5.000 prec incts still existing would 
need at least four automatic vote 
talliers, which means 20,000 such 
machines for the whole county. This, 
declares the board, just won't do 

What alternative is there, then? 
lo tally the ballots at receiving sta 
tions, of course, immediately after the 
voter's preference or choices have 
been identified at the precinct Vhi 
idea implies the use of mark-sensing 
techniques such as magnetic-nk r 
cordings or photoelectric processing 
of ballots. This system would fulfill 
two requirements: first, it would keep 
the amount of equipment needed to a 
minimum, and second, it would per 
mit the receiving stations to rela 
snap tallies ” for candidates or issues 
to the public and the press, which an 
iutomatic system would have to do 
inyway to be acceptable. Components 
would have to be developed at the 
precinct level, naturally—that can con 
vert information (principally a_cros 





, 
There’s #@ source for 


SHOWN % ACTUAL SIZE 


Progressive designers, the men who lead the trend toward min- 
iaturization, depend on ASCO as the one source for a full line 
of midget solenoid valves. The unexcelled quality and dependability 
that ASCO pioneered in the solenoid valve field is found, too, 
in today’s midget solenoid valves. Only the size has been reduced 

For flow applications using air, gas, water, light oil, refrigerants 
and many other liquids, ASCO Midget Valves assure complete 
safety and truly exceptional performance 

ASCO Midget Solenoid Valves are available with standard, 
watertight or explosion-proof enclosures. Pipe sizes 4a” and V4"; 
pressure range 0-1000 psi. 

There's one source that solves virtually any solenoid valve 
problem — ASCO. Write today for complete data on ASCO 
Midget Solenoid Valves — or outline any of your requirements 
We'll be pleased to assist you 


Solenoid Valves 
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It’s almost ‘THIS easy 
... tosetup 
AUTOMATION GAGING* 


with 






PRATT & WHITNEY 
PACKAGE 
UNITS 









any number 
of basic units 
can be 

assembled 
as required 











Automation Gaging. . . usesa “feed-back” 
control system to re-set the machine as required to main- 
tain work tolerances AUTOMATICALLY at all times. 
The results are: increased production, greater accuracy, 
fewer rejects .. . and greater profits! 


AND NOW...an Automation Gaging installation 

. custom tailored to your exact needs .. . can be assembled 

quickly and easily from standard, in-stock Pratt & Whitney 

Package Units. The big expense and long delays of specially 
constructed control equipment are eliminated. 


LEARN HOW practical the advantages of Automation 
Gaging can be applied to your production lines. Phone the 
nearby P&W Branch Office and ask a Pratt & Whitney Gage 
Specialist to call at your plant... or write direct to West Hart- 
ford outlining your requirements, 


PRATT & WHITNEY COMPANY 


INCORPORATED 


8 Charter Oak Boulevard, West Hartford 1, Connecticut 
Branch Offices and Stocks in Principal Cities 


MACHINE ro LS e GAGES «ee CUTTING TOOLS 
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made with a rubber stamp) into input 
media acceptable to different tallying 
devices such as pinched tape or cards, 
or magnetic tape. 

The board is confident that compa 
nies bidding on its contract will be able 
to get around the restrictions in design 
posed by California’s cross-filing sys 
tem, by its healthy encouragement of 
write-in votes, by the secrecy neces 

iry for the type of information han 

dled, and finally, by two voting regu 
lations that could play havoc with any 
“ves, no” binary method of tabulation 
One of them concerns the number of 
choices allowed for any one office, the 
other a require ment for rotating candi 
dates on ballots 

Take the first one: the systems 
devices proposed should be so de 
signed that they will not count more 
crosses or choices than allowed. For 
example, should a voter select tw 
candidates for an office where he i 
limited to one vote only, both of hi 
choices should be discounted. Fasv? 
Be it known that the highest number 
of choice } allowed for inh Inf le office 
in California is seven. Take it from 
there 

Rotating in sequence is another ob 
tacle that must be hurdled. By Cali 
fornia law, each candidate for a given 
office (except the incumbent, who i 
ilwavs first), must share every position 
on a ballot with every other aspirant 
Ihis means that all of Los Angeles’ 12 
congressional districts and 31 assem 
blv districts do not see the same bal 
lot, although they all partic ipate in the 
same clection. In fact, savs the board 
one ballot appeared no less than 575 
different wavs! This may be fair to the 
candidates, since they all get an equal 
chance, but is it fair to the electroni: 
svstem that does the tallying? The 
board won’t commit itself on. thi 
point; it just asks that a_ suitable 
method for identifying a particular 
candidate in continuous totals be built 
into the proposed system 


FACTS ON THE BIDDING 


Here are some date the board woul 
like vou to keep in min ( 1 cdot 
for prototype equipment bids, Dec. 4 
1956: desired date for deliver December 
1957: evaluation period, the first — six 


months of 1958; completion of procure 
ment, December 1958; delivery of produc- 
tion quantities of equipment, Decembe: 
1959; general use of equipment, the be 
ginning of 1960. Instructions for prepar 
ng the proposal are more or less standard 
When drawn up, it should go to the Los 
Angeles County Board of Supervisors, 50} 
Hall of Records, Los Angeles 12, Calif 





HETHERINGTON 


SWITCHES « INDICATOR LIGHTS «+ SPECIAL ASSEMBLIES 


ae 


SOLVE SPACE AND WIRING PROBLEMS 
with Switch/Light Combinations 


You probably use these Hether- 
ington Switch/Light combinations 
every time you travel via leading 
air lines. Here they are used as 
hostess call lights. As you may 
have suspected, however, this is 
just the beginning of their useful- 
both in aircraft as well as in 
commercial instrumentation and 
control uses. Their unique combi- 
nation of single- or double-pole 
switching action together with an 
illuminating push button offers 
definite advantages in terms of 
greatly reduced panel space and 
the elimination of switch-to-light 
wiring. Usually the entire assembly 
takes no more space than a con- 
ventional switch alone. 


ness 


Of particular importance for 
many applications, Hetherington 
Switch/Light combinations make 
it easier for operators to keep closer 
tabs on crowded panels without 
confusing control functions. By 
connecting the light to an exter 
nally controlled circuit the illumi- 
nated button virtually cries, “Push 
Me,” toattract the operator’s atten 
tion at the right time. In other 
models, lamp circuits are controlled 
by the main switch contacts or by 
a second set of auxiliary contacts 

Typical contact ratings are 15 
amps at 30 volts ac-dc. Illuminated 
buttons can be made in virtually 
any color, shape or size 





#1 


HERE’S EXTRA SAFETY 
FOR WARNING LIGHT 
APPLICATIONS 
JUST “PRESS TO TEST” 


Ever wonder whether a warning light 
for a critical circuit was merely OFF 
or whether the 
If 80 you'll 
to-Test” feature 
ington Type L3 


bulb was burned-out? 
appreciate the “Press 

of this tiny Hether 
00 light 

The lamp and its circuit can be 
“checked-out 
the spring-mounted plastic lens cap 
This makes contact through a sepa 
rate third terminal circuit. When cap 
is released, the lamp functions 
through the regular circuit 


of the L3200 


imply by pressing on 


The long plastic lens 
gives wide, 180-degree visibility with 
either standard or edge-lit 
Uses AN3140 lamps For 
tails, write for 


panels 
more de 


Bulletin L-2b 





BETTER SWITCHES FOR 
BETTER APPLIANCES 


A good electrical product deserves a 
good switch—and for types in the 5 to 
50 ampere range that means Hether- 
ington. Sturdy, good-looking switches 
—both push button, toggle, rotary, 
and other types—for unique operat 
ing or mounting requirements have 
long been a Hetherington specialty 


Chances are, Hetherington switch 
engineers can recommend something 
out-of-the-ordinary that will enhance 
the appearance and saleability of 
your electrical products while assur 


ing long, happy switch performance 


HETHERINGTON INC. 1200 ELMWOOD AVI 


designed for use 





NEW PUSH BUTTON SWITCHES FOR AVIATION’S 
TOUGHEST JOBS... Designed to MIL-$-6743 Specs 


Dx Bp Va W 


Designed to 
MS25089 


MIL-S-6743 drawing 
fully 


switches 


these rugged mois 
ture-proofed snap 
take a full 50 G 


plitude vibrations up to 55 eps with 


action 


hock and wide-am 


out contact transfer 
The basic 
any of eight different anodized alu 


switch can be fitted with 
minum mounting adapters, such as 


those illustrated, to meet virtually 


SHARON HILL, PA 


where 


one failure is 


any mounting or desis 


thres 


n requirement 
Two-circuit terminal SP 


DT, and other 


are available with 


ntact arrangement 
rating up to 10 
amps, 28 volts de. Ask for details on 
W100 

x non-MIL and 
available 


sas Heth 


Hetherington Series 

Similar switches fe 
industrial applications are 
in over 1800 different type 


erington Serie JR 


139 IMinois 


one foo many 
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Variety of Technical Fields 


These illustrations are symbolic of some of the scien- 
tific and engineering fields of endeavor which are 
essential ingredients in the broad range of technical 
programs that are in progress at The Ramo-Wooldridge 
Corporation, Illustrated are: Information Theory, 
Systems Analysis, Communications, Nuclear Physics, 
Electronic Computers, Servomechanisms, Electromag- 
netic Propagation, Infrared, Aerodynamics, Micro- 
waves, Propulsion, and Thermodynamics. 

The requirement for technical competence in a wide 
variety of fields is a significant characteristic of systems 
engineering work. At R-W this requirement is particu- 
larly important because of our emphasis on the devel- 
opment of systems having a high content of scientific 
and engineering newness. 


The Ramo-Wooldridge Corporation 


SB730 ARBOR VITAE STREET - 








LOeB ANGELES 45. CALIFORNIA 


Our current military contracts support a number of 
advanced programs in the fields of modern communi- 
cations, digital computing and data processing, fire 
control and navigation systems, instrumentation and 
test equipment. In the guided missile field, Ramo- 
Wooldridge has technical direction and systems 
engineering responsibility for the Air Force Intercon- 
tinental and Intermediate Range Ballistic Missiles. Our 
commercial contracts are in the fields of operations 
research, automation, and data processing. All of this 
work is strengthened by a supporting program of basic 
electronic and aeronautical research. 

Scientists and engineers whose training and experi- 
ence are in these or related fields are invited to explore 
the openings at The Ramo-Wooldridge Corporation. 
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VIC HANSON 


ently we son 


Wilmington re asked 
they liked our September 


Down in 
du Pont 


56 issuc 


engineers how 


which defined the steps of control 


systems enginecring (specify, design, test W hi 
fine,” we heard, “but you left out a step What 
was that?” we gulped Why,” it came back sol 
emnly, “the very first step—see Vic Hanson.” 


Later, sitting in his office in the company’s Engi 


neering Research Laboratory, we quickly realized 
why Vic Hanson is indeed the first step in man 
of du Pont’s successful new ventures in automati 


control. “Before you even specify a system 
ve got to know 


and then, after scanning 


process 
for a new process,’ advised Vic, “you 
what vou want to measure 
the commercial equipment and known methods, you 
often have to find a And 


sometimes this becomes the first major problem you 


new way to measure it 


must solve in engineering a control system or even 


in making the operation of a new process po 
Our Applied Physics kept pretty 
busy deve loping the instruments to meet this need 


Victor | 


s of metering. In 


sible. Group is 


Hanson has had a long career in meeting 
1926 
awarded a BS in Physics from Cal ‘Tech and spent the 


then 22, he wa 





the nee 


next six years in Culver City developing geophysical 
Start 
1 development engineer with du Pont in 1934 


instruments and electromechanical process 
ing as 
Vic moved steadily up the line to his pre sent job a 
assistant director of ERI Also under hi 
new $2-million Radiation Physics Lab 
When the building is completed he'll take over on a 
full-time basis 
Right from the start Vic’s work in du Pont 

Niagara Falls Electrochemical Dept opened his eye 
to the tremendous potential for specialized measuring 
Although faced with 


1936 


guidance 


is du Pont 


techniques in process control 
ome skepticism from operating personnel, in 


he installed the first electronic on-stream measuring 


instrument to actually control a continuous proc 

a photometric chlorine analyzer (see picture, page 4 
it has saved millions ot pounds ot thi che Ml i] pel 
vear and literally paid for itself in the first few 
minutes of operation 


ven with this spectacular success at Niagara Fall 


prejudice continued in the plants against vacuum 
tube type measurements. But Vic Hanson's progr 
in solving special measuring problems as superin 


tendent of Hanford Engineer Work Instrument 
Dept , during 1944 and "45, soon overcame the oppo 
sition. After establishing the Applied Physics Section 


1945, he wa involved un 


in Wilmington in 


AvaAIn 





A CONTROL PERSONALITY 


metes the need 














a": 
ta: 









oe. @ 
al 



























Looped by instruments, Hanson tells “how come’ on page 79 


in atomic cnereg,s project this tun thing up the 
instrumentation development program for du Pont 
huge Savannah River plant at e the com 
mercially available nuclear measu instrument 
were inadequate, he fo used his effort on the modi 


fication of these to meet the new 1 cement \nd 
then Vic went to the maker md i iced them 
to add the changes to thew standard product 


A transducer for exotic birds 


Vic Hanson carries his zeal for bett neasurcment 
right into lis recreation. One re t project the 
developnx nt of high peed equipment for photo 
graphing, in color, birds in flight. Armed with tha 
equipment he recently ventured, a ith his wife 
Dorothy and some frends, into the es of cua 
dor for two weeks where he assisted lapping native 
birds in their natural surrounding When not 
ifield picture taking, Vic likes to work on his 200-yeat 
old house on a 250-acre farm at Yorklyn, Del. Whiat 
does he raise? “One cat and om idmits Vie 

Now that our two bor imc aWa n the Na 
the other at MIT)", he continu Lot the reall 
ictive one at home in our family. When she not 
tied up in civic ictivities, | may get a unpse of he 
between her searches for early American antique 
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MI j Cc R 0 precision switches 


make 
MICRO 


++ THEIR USE IS A PRINGIRES OF GOOD DESIGN 


SWITCH 


engineering service 
your short cut to 
NEW DESIGN IDEAS 


MICRO SWITCH Engineering Service is de- 
voted to assisting industrial designers in the 
solution of complex switching problems. 


This service—as close as your telephone— 
places at your disposal a knowledge of 
switch applications obtained through years 
of research and fieid experience. We are ex- 
perts on just one thing—precision switch- 
ing problems. 


RELIABLE 
TOGGLE SWITCH 
where inches 
and 

ounces count 


Two of these MICRO switcH Type 
“AT” subminiature toggle switches 
serve as components for a small, light- 
weight portable geiger counter. 


The extreme reliability and long life 
of the extremely small MICRO SWITCH 
units were important factors in their 
choice by the design engineers. This 
switch weighs but .02 lb. It has single- 
pole, double-throw contact arrange- 
ment, Rating of basic switch is 6 
amperes 125 or 250 volts a.c. 


(Send for Catalog 73B—'' Toggle Switches” 
and 75A—‘‘Subminiature Switches’’) 


CONTROL ENGINEERING 


We may have already solved a problem simi- 
lar to yours—for somebody else. Should 
your problem turn out to be entirely new, 
MICRO SWITCH can—and will—develop the 
switch you need. 


LIMIT SWITCHES 
operate 57,000 


times a day— 
day-in, day-out 


MICRO SWITCH “ML 
Type limit switches — 
17 of them—are used 
in an automatic grind- 
ing machine to control 
the steps in grinding 
small parts. Features 
which governed their 
selection by the de- 
sign engineers were: 





1 Long Life: Protection: 
some switches operate switches are well housed 
every 1% seconds, three and protected against ef- 
shifts a day—over 57,000 fects of oil splash, dirt and 
operations a day. dust. 


Precision: 4 Versatility: 

switches repeat exact op- three different types of 
erating point through mil- actuating heads are used 
lions of precise operations. Switches are adjustable to 
meet varied types of actu- 
ation and for mounting in 
cramped quarters 

(Send for Catalog 83— 
“Industrial Enclosed Switches’’) 








eochave uses unifutiod 


MERCURY SWITCH accurate Mercury switches are not usually associated 


: s with such applications as heavy road grading 
to VV, inch in 12 feet on grader machinery. However, four of these protected 
HONEYWELL Mercury Switches have proved 


successful as grader blade controls. 
Mounting Sales Tilt action of the switches actuates a series of 
Embedment . power relays and valves to control the grader 
Material blade. 
Supports And 
Seais Glass ~ 
Tube Switch 


The switches are so sensitive that they 
are able to control the level of the blade with- 
in % of an inch in an overall movement of 12 
feet. The switches—embedded in epoxy with- 
in a metal case—are extremely resistant to 
(Send for Catalog 90-A shock and exposure to the elements. 
“HONEYWELL Mercury Switches’’) 


FIVE tiny 
switches 
MAXIMUM permit 32 
ACCURACY on-off situations 


lus Five MICRO SWITCH subminiature switches 
p were selected by design engineers in this 





3 


rotary selector switch to provide the switch- 


. 
long-life ing function for each of the pulse positions 
in a five-pulse binary code switch. Each 


rf switch is of single-pole, double-throw de- 
pe ormance sign, thus providing 32 on-off current com- 
binations for data processing equipment. 


Switches used in woodworking production equip- he binary switch is a single control, posi 
ment —cut-off saws, rip saws, gang saws and tive locking, electro-mechanical device for 
jointers— must take a lot of punishment and ne rotary operation into a binary 
retain maximum accuracy for a long life. — 

According to the designers, the Micro 
SWITCH subminiature switches were chosen 
because of: 


These enclosed switches, with roller arm actu- 
ator and sealed plunger, were chosen by design- 
ers as controls on an automatic air-operated 
cut-off saw. One switch controls the reversing 4 Small size and light weight (% 
of the solenoid for length of stroke. The other is inch)—(266 per pound) 

a return control. Ease of operation. 


Both switches must operate with maximum Reliability. 
accuracy and give long-life performance. At an 
average of 1,250 strokes per hour, the switches 
are activated 10,000 times in the average 8- 
hour work day. 


Extremely tow contact 
resistance (through 
use of fine siiver). 


Positive make 
(Send for Catalog 83A and break action. 
‘Industrial Enclosed Switches”’ 





6 Resistance to shock 
and vibration. 


TF Low capacitance between open contacts 
M j C R 0 W i r¢ and from terminals to ground 

There is no limitation in the design as to 
A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


H the number of switches that can be used. 
In Canada, Leaside, Toronto 17,Ontorio « FREEPORT, ILLINOIS (""'"" | 


(Send for Catalog 75A—‘Subminiature Switches’’) 
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VOLTAGE REGULATED 
POWER SUPPLIES 


lor powering elechonie equipnuent 


KER: 
with MEW-IMPROVED FEATURES 


* FAST recovery time 








* GOOD stasuity 
* LOW ourput impEeDANce 


KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50°C ambient. 


1.5 Amp. KR SERIES 


Mode! 
0-1 
KR17 | 100-200 
195- 
9 


AC 

Each 
has two 
15 Amp. 
$ 


0 Price 
” l 7” 


19” 112%4"} 17" 
9” 112%" 17" | $695 


REGULATION: Less than 0.2 volts for line fluctuation from 105- 
125 volts and less than 0.2 volts for load variation from 0 to 
maximum current. 


RIPPLE: Less than 3 mv. rms. 
Model Volts 


STABILITY: The output voltage variation is less than the regula- KR8} 0-150 
tion specification for a period of 8 hours. KR 5 | 100-200 


RECOVERY TIME: Less than 50 microseconds. The excursion in KR 6 | 195-325 
the output voltage during the recovery period is less than the KR 7 | 295-450 
regulation specification. 


OUTPUT IMPEDANCE: Less than 0.1 ohms from 20 cycles to 
1O0KC. Less than 0.5 ohms from DC to 20 cycles. Many units 
have very much lower output impedance. 


600 ma. KR SERIES 


Rack Mount 
we H 0 





6.3V AC 
Each supply | 19” }1042”} 13” 
has two 19” 1042” | 13” | 
10Amp. | 19”}10%”} 13" $ 
outputs 19”} 1042” 


300 ma. KR SERIES 


6.3V AC 
Each supply 
has two 
5 Amp. 
outputs 


Rack Mount 
wit t') 


































































































Volts 6.3V AC 
_0-150 | Each supply | 19”}7” | 11” 
has one "7" 17% 
JAmp. | 19"|7" | 7%" 
output iy" 17%" 








———4 


295-450 


























FEATURES: KR 9 





@ Fast Recovery Time, Suit @ Power Requirements 105 
able for Square Wave Pulsed 125 volts, 50-60 cycles. 


Loading. @ Terminations on rear of unit 


@ Voltage e continuously 
variable without Switching © Locking type voltage contro 
@ Either Positive or Negative AC, OC Switches, Fuses, and 
pd Grounded. Pilot Lights. 
@ Ol Condensers. 
@ Wire Harness and Resistor © Coter Gey Commertens. 
Board Construction. @ Guarantee One Year. 


Te include 3° Current and Voltage Meters, Add M to Model 
number (e.g. KR 16-M) and Add $30.00 to the Price 

Te inctude Oust Cover and Handles for Table Mounting, Add C te 
Model number (e.g KRIG-C) and Add $10.00 to the Price 

Te include Meters, Dust Cover and Handies, Add MC te Model 
number (e.g KR-16 MC) and Add $40.00 to the Price 


PRICES F.0.8. Flushing 








A LINE OF 50 MODELS 
Available from Stock - Catalog on Request 


= All models available for 400 cycle operation on special order. 


we 
Os 


34-3 ok OO my -V-Leo).y-wne). 1) 


131-38 SANFORD AVENUE «+ FLUSHING 55, N.Y. + INDEPENDENCE 1-7000 
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WHAT'S NEW 


INTO A TENT IN L. A. eS 
Over 30,000 engineers crowded through 
the flaps of the tent pictured on the right T 
during Aug. 21-24. The occasion: the 1956 AS 
Western Electronic Show and Convention— ‘2 ‘ . ry ey Fy" 
cosponsored by the California Sections of . _ , (-% 
IRE and WCEMA. Like its eastern coun- rT 
terpart, the annual IRE show in New York, 

WESCON grows more vital to control engi- 

neers each year. Special note: while the 

711 exhibits and 48 sessions were obviously 

defense-oriented, a distinct industrial flavor 

seasoned the conclave. 


a 


SHOW ENTRANCE oun 


~-* 


aig? > ~ 
ag’ +s 
: 


UP AN ESCALATOR INN. Y. 


An unprecedented 36,186 engineers and 
instrument technicians rode up the escalator 
pictured in the right at least one time dur- 
ing Sept. 17-21. They were on their way 
up to the second deck of the handsome new 
Coliseum—and to half of the 450 exhibits 
of industrial automatic control equipment 
gathered by ISA for its 11th Annual Con- 
ference and Exhibit. Special note: in the 
100 papers and three superb clinics the 
visitors got an excellent briefing on prog- 
ress in the past year. 


Both of these huge technical gatherings are 
prime examples of how equipment makers 
and societies can pool their efforts in. . . 


Meeting the Needs of Control Engineers 


Within the short period of one re But even the had an e out for contre At ISA) then 
cent lunar month over 60,000 engi particular development 

neers who have, or hope to hav Pat WESCON~—new devices and tech 

something to do with the design nique pawned by defense but with 

and/or application of instrument and intriguing industrial potential 
control systems, left their jobs and Pat ISA—new devices and te 


flooded like the tide to opposit pawned by industry but ' 


CHITDIC LM 
vith imtrigu 
shores of our land for a week of ing defense systems potential 
looking at new produc ts and learnin Pat BOTH advances in product 
about new techniques in control in theory which reflect the 
What did these pilgrims to WES use of conti 
CON and the ISA Show hope to find cross the field 
it these conclaves? Did they go awa Our how-going editor ulfered 
rewarded? oul minor disappointment At 
Conrrot. ENGINRERING'S editor WESCON © th had to huff 
joined the tide sweeping we t and then through hundreds of booths where 
east—first to Los Angeles tent-annexed clectroni component ind black 
Pan Pacific Auditorium, then to New boxe vith control tem 
York’s bright new Coliscum. As 1 vere unmarked undramatized fe 
porters they px rh ip had more interest their end use But the report 
than the ivcrag visitor im an inc ing! on the high qual tv of the tecl FOR A GUIDED TOUR 
all new items and thoughtful paper nical paper id keen attendan it OF THE CONCLAVES 


CTI TiC ips 


pp il 
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WESCON; SESSIONS included many advanced papers in con 
trol theory, were generally well-attended. Pictured above are 
members of a panel on education—moderated by McGraw-Hill’s 
George Tenney. Profs. Terman and Martin (Stanford and Ari 
zona) gave the school viewpoint, and Noble and Dempste: 
(Motorola and Electronic Engineering Co.) held forth for in 
dustry. See page 34 for more on the sessions 


easy-going atmosphere of a hotel suite. Shown above is the Syl 


special workshops or clinics at WESCON. 
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WESCON: DEMONSTRATIONS often took place in the more 


vania pitch in the Mission Room of the Statler Hotel on its 
new WAMOSCOPE microwave display tube. ‘There were no 





Highlights from 


WESCON: DISPLAYS indicated a growi 
of the need to show product function, but the larg: 


Y AaWaITCIIC 


majority of exhibitors still buried control items in a 
maze of communications products. ‘The booths wer 
ittractive though—many new displays were created just 
Missiles and related working systems got 


And our visitor report a lot of 


for this show 
the biggest crowds 


industrially-hepped people manning the booth 


*vs.aan" 
comval® 


Teens 


ov" 
aise 


WESCON;: SHOW STEALER was the first public display ot 
Convair’s TERRIER guided missile. Our cameraman had _ to 
wait for a lull in the show to take this shot—the booth was al 
ways jammed, This is understandable: alinost all the innards of 
TERRIER involve electronic control hardware—much of it fur 
nished on contract by Los Angeles area firms. See page 30 for 
more WESCON show-stealers. 









WESCON: CONVIVIALITY came to a head at the All- Indus 
try Luncheon—a complete sell-out at the Cocoanut Grove. Dr. 
W.. Baker of GE gave the keynote address. Highlight for the la 
dies was an aquatic festival in the Ambassador pool 


CONCAVE REPORT CONTINUES ON PAGE 28 => 



















the Conclaves 


ISA: DISPLAYS were remarkable for their sophistica 
tion and showmanship. One major exhibitor offered an 
impressive seven-station booth tour. Another had a 
double-deck display. Still another isolated his product 
on stark, individual metal racks. Booth attendants wer 
smart—there was usually a man on hand who knew 
the answer. And the 


giveaway literature was brightly 


voluminous—but rather short on engineering data 

IS A: SESSIONS were mainly practical expositions on progress in ISA: SHOW-STEALER was the first public display of the Naval 
industrial control. Pictured below is Prof. Don Eckman (Case Research Lab’s full-scale model of the earth-satellite—including its 
Institute) describing the methods which must be followed in newly revealed instrument innards. ‘That's Managing Editor Lloyd 
order to integrate a computer into an industrial process control Slater's son Pete inspecting an optical sensor in the “moon” 
system. Don’s paper was the highlight of an excellent all-day Vhousands flocked to this display. See page 32 for more ISA 


symposium on computers. See page 34 for more on the sessions. show-stealers 





ISA: DEMONSTRATIONS were all in carefully planned clinics ISA: CONVIVIALITY was highlighted by the Society Banquet 
and workshops arranged by society committees. Below is a valve at the Statler. Along the head table are ISA officers (who unfor 
demonstration in the Maintenance Clinic—one of 24 workbench tunately had too much to say). A right smart floor show, featuring 


sessions. Other shirtsleeve clinics covered five types of product the “Automation Blues” 
analyzers; there was also a workshop on data handling. See page 
38 for more on the clinics. 


, rounded out the evening. 


CONCLAVE REPORT CONTINUES ON PAGE 28 — 
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WHAT’S NEW 


WHAT THE WESCON-ISA DISPLAYS STRESSED 


After several days of trudging the aisles and looking for products that 


attracted the most interest—as well as reflected the most activity on 


the part of development engineers—our reporters pinpointed the items below. 


1. WESCON 


RELIABILITY proved to be the 
most important quality im man 
WESCON displays. Raytheon, fo 
set up its backdrop to focu 
Three complete s¢ 
including 13 detailed 
cealt with this subject 
ted at the vacuum tube 
booths also held a 
large variety of rehability test equip 
ment 


example, 
on this virtue 
5 OS, pape 
a good hat 
of them direc 


Ihe exhibition 


SYSTEMS in “package” form and fo 
specific industrial applications 
emphasized in dozens of ISA booths 
The temperature logger shown above 
is typical, It’s an automatic 
point scanning system developed by 
Hot Spot Detector Co, for large grain 
and facilities. Cabk 
thermocouples are part of the system 


were 


multi 


food = storage 


lor views of three more systems shown 
in ISA booths, turn to page 32 
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DIGITAI 


spreading 


PECHNIOQUES 
tentacle-like into 
many interesting areas at WESCON 
i lectronic Control Systems displayed 


to be 


an item unusual for an electronics 
a sturdy, ultra-mechanical mill 


booth The 


( Oompa 


show 
ing machine sat in its 

show off the 
digital control s\ 
plies to lathes 
digital displays see 


reason: to 
tem (which also Ip 
and borers lor other 


page 5U 


ACTUATORS apparently have been 
a subject of urgent development ove 

the past year. Seen Con 

flow’ s ill-electric valve actuator 
for proportional control tems. It 
offers 4-in per-min stroke at 500-Ib 
thrust and typifies how valve 
ire meeting the 


ibeve 1s 


new 


makers 
challeng« po ed by 
Pulse 


Ihydrauli 


faster electronic controller re 


page 71 Three new clectr 


actuators were also shown 


MISSILE GUIDANCE was featured 


in major or minor fa hion in at least 
cight WESCON The 
Autonetics North 
Aviation vhole 
to its system for inertial navigation 
Others with displays in this field 
Bendix Aviation, Burroughs Corp 
Collins Radio, Convair, Ford Instru 
GE, Kearfoot Minne poli 
Honevwell, Sperry Gyroscope 


booths at 
Diy ot 


gave over it display 


ment, 


IN-STREAM 


the show in 


ANALYZERS wer 
ibundance Lhe 
\ sociat 


1 ecw chi 


above (being diddled with bi 
Kditor Harry Karp) 1 
tographic analyzer 
Carbide & (¢ 
neers, it 1 
Mfg Co 


Hcw 


mad 


irbon instrument eng) 


made by Watt 


i half-d ZC othe 


being 
At least 
imnalyzers were shown which orig 


labs of users. | 
clinic turn to page 


nated in the 
on analyzer 


rate pol 


American 


1 cloped by 


unit 





NEW BOOKLET 


Quick 


BHoonomical 





Error-F'ree 
‘Transmission 
orf 


All Data 


a Division of Stewart-Warner Corporation 





SHOWING DETAILS OF 


TD) A ap A ANG Deas 


a  L, 





ELECTRONIC TRANSMISSION OF ALL DATA 
PHOTOS + MAPS + DRAWINGS + CHARTS + TYPED or WRITTEN INFORMATION 


Stewart-Warner Electronics 
Ulli Department 23 
1300 No. Kostner Ave. 


Chicago 51, Ilinoijs 








MORE SHOW STEALERS AT WESCON 


On page 26, which covers WESCON highlights, the booth-jamming Convair 
TERRIER was pictured as a “show stealer’. But there were many other 
items that drew big crowds at the show. A few are grouped below. 

















INFORMATION HANDLERS WERE EVERYWHERE 





HALL SCOTT ELECTRONICS placed ELECTRONIC ENGINEERING CO. KEY ELECTRIC CORP. proudly un 


its new 20-amplifier desktop analog com- revealed part of its $3-million centralized veiled its new digital magnetic-tape han 
puter on view. The unit has many plug data-processing systems (PROJECT DA- dier. It can start and stop within 5 milli 
in features: input and feedback elements, TUM) which it is delivering to Edwards sec, can speed a 4-in. tape through 15 in. 
function generator, etc. It can solve AFB. The system hunts and selects, on within 30 sec, and is equipped with a servo 


seventh-order linear differential equations. command, any item in its 14-track reel. reel drive exerting only 14-oz. tension. 









WORKING SYSTEMS ‘TOLD THEIR OWN STORY 




















HYCON EASTERN, with its working THE GUDEMAN CO. put its linear vari- TEXAS INSTRUMENTS demonstrated 


model of a scatter transmission system, able differential transformer to work meas- the use of its transistors by passing a HO- 
neatly proved how radio waves can be uring the deflection of a heavy rail. Newly gage model train through a control beam. 
bounced off the ionosphere to get beyond- available, these transformers can measure One of the company’s “grown-diffused”’, 
seventh-order linear differential equations. mechanical motion as small as 0.00002 in. very-high-frequency germanium transistors 
says it approaches 99,95 9% reliability. and produce a 1-millivolt output. did the job operating at 200 megacycles. 





BOOTH BEDAZZLERS: 


Thunderbirds, Falcons, and Zoots 


HELIPOT bedecked its booth attendants HUGHES PRODUCTS drew big crowds FEDERAL TELEPHONE & RADIO 


with colorful jackets to lure the passing around its FALCON. And when they CO. pulled them in with an operating two 
throngs. Once in the booth, though, looked behind the missile they were sure way mobile radio installed in a pint-sized 
guests were given a mighty serious pitch on to see (in the black wall mounting) the Ford Thunderbird. Once inside the booth, 
pots and their potential. The “canned” company’s new “Tonotron” storage tube they saw the company’s new 3-D flux me- 
spiel also drew them in. that, claims Hughes, “reads like a map”. ter and portable field strength indicator. 
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bette r Process 
INLANLAGE mevnt 
starts with 


Whether you're responsible for managing a company or con 
trolling a process, the Beckman “112” Data System — with 
exclusive PINBOARD PROGRAMMER —- will help you do a better job 

How? By bringing you a greater quantity of more accurate 
operating data-in useful form-immediately, instead of in days 
or weeks! 

Simply pin your instructions on the Pinboard, which, in turn 
automatically directs the system to monitor the desired num 
ber of variables; record data on log sheets, cards, or tape; calcu 
late material balances and product yields, and perform other 
functions. You are given a continuous picture of your plant 
operation—a chance to correct off-normal conditions and ineffi 


ciencies quickly, increasing product yield and quality. 


“Magnetic core logic’ —“floating” ~ semiconductor circuitry 
Although these features in the “112” are of primary interest to 
the technical man, to the top executive they mean round-the 
clock, round-the-calendar accuracy and reliability—data you can 
depend on, all the time. For complete information, write Beck 
man Instruments, Inc., Data and Control Systems Dept., Fuller 
ton, Calif. Ask for Data File D-2-46. 


Our continued growth creates openings for creative engineers 


Write for Career File No, 10. 


B e ce k m a n acrentific instruments 


this 
BOARD OF 
DIRECTORS 























of the earth-satellite was shown as the “show stealer”. 


CLOSED LOOPS IN ACTION 


BECKMAN pulled crowds with a hand 
some guided-tour display that traced the 
development of an “automatic plant” 
from design through measurement to 


computer control, Seen above is the “pro 
ess” which was hooked into a working 
LDP system. 






PRODUCT ANALYZERS HAD A 
- Ly 4 ted, Moistun comrag 


wie 


1 On Rese ie 


FIELDEN booth people were kept on 
their toes putting the neat little continu 
ous moisture analyzer, shown above, 
through its paces. Originally developed by 
Quaker Oats for grain, the unit is rigged 
up to control fuel to a product dryer. 


PHREE 





SOUTHWESTERN INDUSTRIAI 
ELECTRONICS ftieated flow measur 
ment, in its working display, from orifice 
to office, Its system computes gas flow 
through pipe, integrates rate and volume, 
and flashes results to a distant logger 
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DEVELOPMENTS WELL WORTH NOTING 


ENGINEERING 


MORE SHOW STEALERS AT ISA 


On page 27, which discloses some of the ISA highlights, the shiny model 


below indicate, there were many other items that drew crowds into the booths. 


RELIANCE ELECTRIC & ENGI 
NEERING intrigued the passing process 
control engineers with its versatile work 
ing display of “dynamic response’’ motor 
control in action on a continuous flow 
application. ‘To many this proved a new 
concept in flow control. 


BARNES ENGINEERING always had a 
group around its new process stream re 
fractometer. Simple and compact, the 
sampling chamber (below) handles up to 
0.25 gpm and the unit is sensitive to index 
changes as small as 0.000002 


MINNEAPOLIS-HONEYWELL got big 
interest with its new line of high-pressure 
valves. Who wouldn't be interested in the 
fact that missile engineers had to go to an 
industrial valve maker for proper hardware 
in loading fuel systems? 







But, as the views 


BALDWIN -LIMA-HAMILTON | drew 
them in with an elaborate working setup 
which showed how strain gage transducers 
cope with such variables as flow, weight, 
and pressure. Visitors could fiddle and 
select, and results were inked out on re 
corders below. 















OHMART had many visitors poring over 
a new horizontal measuring assembly for 
its standard radiation-type continuous liq 
uid density gage. In effect, the unit fur 
nishes a 14-irn. product sample in a simple 
3-in, pipe section. 


INTERCONTINENTAL DYNAMICS 
had to spend time explaining how its new 
random function generator will help con 
trol engineers (i.c., statistical analysis in 
closed-loop systems). But when it “came 
across’, the interest was far from random 













animportant entry into an important field 


A NEW DRY COIL, DUAL STAGE ELECTRO-HYDRAULIC SERVO VALVE...’ 


HYDRAULICS, LIMITED fA 
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FILTRATION VEWS 


Filter to 900°F... 
anywhere! 


PORO-KLEAN gives designer 
new freedom in filtering hot, 
hi-pressure fluids 


“Versatile” is the word for Cuno’s Poro- 
KLAN filters when it comes to providing 5-30 
micron filtration in hot spots and tight places! 

In a tremendous variety of sizes and shapes, 
these new porous stainless steel filters are 
everywhere pushing back the temperature and 
pressure frontiers in micronie filtration, The 
reason: PORO-KLEAN’S unique combination 
of physical properties. Its high strength, ex 
ceptional heat and corrosion resistance and 
adaptability to a wide variety of shapes makes 
it easy to apply both in industrial processing 
and in compact aircraft and missile hydraulic 
systems, 

For instance take the tiny preformed shapes 
shown above, They are: cylinder (1), cup (2) 
and cup with lip (4)—all used to protect 
micro-finished aircraft hydraulic servo valves; 
dise (3) for oil filter, eylinder (5) with brazed- 
on seat for hydraulic O-ring; dise (6) for gas 
turbine fuel-oil nozzle; cup (7) and (8) for 
diesel fuel-oil nozzle 

And, for the big jobs, you 
‘an get single or multiple Poro 
KLEAN units like the 54-inch 
element (below, right). It's de 
signed to filter synthetic poly 
mer in a chemical plant with 
1500 psi pressure drop and op 
eration at 550°F 

If you have a tough filter prob 
lem, get all the details on Cuno 
PoORO-KLEAN. You can be sure 
it will fit into your design. Write 
The Cuno Engineering Corpo 
ration, 27-11 South Vine Street, 

Meriden, Connecticut 6.2 


oe). ee 5 ENE | 


AUTO-ALEAM (edge-type) . WICRO-KLEAN (fibre cartridge 
FLO-ALEAN (wire-weund) + PORO-ALEAN (porous sisiniess steel) 


34 CONTROL 


ENGINEERING 


WHAT’S NEW 


WHAT THE WESCON-ISA SESSIONS STRESSED 


Away from the exhibit floor the visiting engineer had a chance 
to rest his feet and activate his own personal input devices in one 


or several of the technical sessions. 


The editors report below 


on the fidelity and “noise” in the data that was transmitted. 


1. WESCON: 


“OF interest to control enginee! 4 
writes Consulting Editor Gene Grabbe 
(who also chairmanned a session on 
control mechanism vere several 
SCSSIONS sponsored by the IRE Prof« 
sional Groups on Automatic Control 
ind Circuit Theory. Sub 

from 


Computers 
jects ranged advanced control 
techniques to practical 
of contro}! system lor 
one Automat 
400 engineers heard of new develop 
ments in statistical theory as applied 
to control system ( W. Steeg of 
MIT’ in his “A ‘Time-Domain Syn 
thesis for Optimum I xtrapolators”’ 
described a way to arrive at the opti 
mum filter for a control system which 
circumvents the practical difficulti 
encountered in design of optimum 
predictors based on the Wiener theor 
R. M. Stewart of the Jet Propulsion 
Laboratory also discussed application 
of Wiener’s least square filter theor 
to missile control 


ipplication 
example it 
Control session, over 


“A radically new approach to mea 
urement was revealed in “The Eve a 
a Control Mechanism’ by Robert B 


2. ISA: 


“The ISA technical — session 
writes Lloyd Slate: covered an a 
ubj cts from 
aeronautical and biological instrumen 
tation through computers and data 


tounding range of 


handling into human engineering and 


nuclear control and transportation 


KICK-OFF 
SESSION 


Both WESCON 
and ISA led 
off with a 
big general 
session on 
IGY and the 
earth satel 
lite. Shown 
is the ISA 
opener, which 
was followed 
by two days 
of sessions 
on IGY inst 
rumentation. 


Lockard in a second 
ontrol. An ex 


mat 
ing system wa bult 
human eve moveme 
provide the error corr 
positioning contro! 
could furnish trajector 
time, and under proper 
would have a much 
than ordinary tracking 
Inn USC 

our computer 
cerned with technique design, an 
equipment Session on transistor 
circuitry literally overflow During 
one of the latter, R ! 


Lincoln Laboratory told new tran 


Baker 0 
istor circuits with special potential 
tor control applications. Using this new 
approach, flip-flop 
gates can be built to operate at high 
frequencies (up to 12 megacycles 
with power dissipations of onl 

few milliwatts. This significant d 
velopment should lead to more com 
pact, lower 


onvert 


power equi nent, 
circuitry 18 not sensiti to 
nents and should permit mor 
freedom than has been po 
tubes or ordinary transistor 


rom the 
tandpoint, the most r 
were offered in two. sessiol 
the Instruments & Regulat 
ASME (see Ctk, October 
164-165, for abstract 
worthy in this area 


ind testing 
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Some 
Finding or developing answers that best suit Applications 


individual pressure problems has been Cash Stand- Served by 
ard’s specialty for over a quarter of a century. The Cash Standard 


solution to your problem can be found either in the Pressure 


established Cash Standard line of pressure regu- aan 
lators, instruments and automatic controls, or in 
Cash Standard's willingness to tackle problems—to 
modify existing products or design new products to 


conform precisely to your needs. 


For an individual solution to your pressure prob- 
lem, contact the Cash Standard pressure specialist 
in your area, or write for pressure problem analysis. 

Write Dept. F 


CASH ‘S} STANDARD 


A. W. CASH COMPANY, P. O. Box 551, Decatur, Illinois 


Pressure, Hydraulic, Temperature, Process ond Combustion Controls 
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RAMBLINGS ON 
INSTRUMENTATION 


Liquid level control 
a simple solution 


Interesting (and profitable) results occur 
when instrument engineers start thinking 
about power industry-styled ‘‘draft gages’ 
as low pressure instruments. Case in point is 
the system (‘‘doodled’’ below) worked 
out by Hays’ Denver representative, 


Joy & Cox, Inc 
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uveRauLIC CoUMING 
The problem: To automatically maintain 
the liquid portion of wood pulp at a 
desired level by changing the speed of the 
pump withdrawing the liquid. A com 
plicating factor was that liquid entered 
the sump from several sources and in vari 
able quantities. Solution uses low pressure 
as an analog of level; any variance in pres 
sure is sensed and indicated by a Hays 
diaphragm-operated indicating gage. A 
Hays diaphragm-type constant pressure 
controller electrically regulates the speed 
of the centrifugal sand pump and, thus, the 


level. Voila! a levelled sump 


© «J 

€>)) or 

= - 

With the trend toward smaller panel 
boards, we're getting more calls for minia- 
ture analog indicators. Customers seem to 
fall either into the ‘‘circular’’ or ‘‘vertical’”’ 
schools of preference. Fortunately, our 
Hays Division offers the Model RERFI 
circular indicator in 41%", 6”, and 81%” 
270° circular scales as well as the Model M 


” 


vertical gage with a 5 usable scale 
That carbon shall rise again... 
and again... and again 


Not long ago, engineers at Corn Products 
Refining Company discovered that they 
could save substantial wampum by using 
carbon instead of bone char for the re- 
moval of color from dextrose liquids—if 
they could reactivate it effectively for 
repetitive use. Too little O2 would give 
incomplete reactivation and too much Oz 
would cause uncontrolled ignition and, 


hence, loss of carbon and kiln damage 


Hays O, Analyzers and Recorders, com- 
plete with filter-aspirator sampling sys 
tems, were installed in order that operators 
could adjust the incoming steam and air 
(at 1800° F.) to hold Oy content of the 
The lush box 


score on this scheme reads as follows: 12- 


kilns at the correct level 


fold increase in color removing capacity; 
Hays O, equipment paid for itself several 
times over in less than two years; low 
maintenance cost on kilns (no downtime 
since start up). Complete detail on the 


above items is yours for a 2c post card 


Executive Vice President 


THE HAYS CORPORATION/THE METROTYPE CORPORATION + MICHIGAN CITY, INDIANA 
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WHAT’S NEW 


MEDICAL INSTRUMENTATION was 
covered in one WESCON, four ISA ses 
sions. Seen above is Dr. Arthur MacNeill 
telling his ISA audience about, among 
other things, an automatically-controlled 
blood-pump dializer that will remove sur 
plus water from body tissues. 


control 
tech 
chemical 


in the 


sessions ON 


production-proce 
dynamic 
niques in the study of a 
reactor, a fractionating column, and 
a heat exchanger. (See abstract of 
paper by Batke, Franks and James 
“Strongest emphasis in the tech 
nical program 
instrumentation 
essions (27 individual 
new and improved ways to 


inalysis 


was given to analysis 


there were eight 
papers) on 
measure 


Many of 


papers were presented by users who 


product in-stream. thes« 


units over the 
Others were by 
who had tested gut a new 
technique One excellent 
Mraz and Sanders of du 
scribed how dynamic 
applied to an infrared composition 
control system. 

“But it seems to me that the real 
theme of the ISA technical program 
was borne out in its fou 
on what it calls ‘Instrumentation for 
Production Here 
from the paper, metal-fabricating, nu 
clear, chemical, petroleum, and food 
fields described how they had applied 
some of the advanced techniques of 
control engineering in solving in plant 
problems in the past year. In other 
words, the theme of the meeting 
despite many papers that 
clined to describe the ‘nifty 
of new hardware 


had developed new 
past few years. use! 
measuring 
paper by 
Pont de 
analysis wa 


SCSSIONS 


Processes’ users 


were in 
features’ 
was one of practi 
cal progress at the user level in instru 
mentation and automatic control 
Many people consider this growing 
emphasis in the ISA program a ‘strong 
sign of a maturing technical society’.”’ 
Kd. note Llovd’s comments 
ind Harry Karp’s abstracts starting 
on page 194 comprise only Part I of 
ISA's 
Look for a report on the edu 
cation session in next month's issuc 


above 


our coverage of excellent pro 


gram 


Conclave report continues on page 35 
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WITHOUT LEAKAGE OR 
CONTAMINATION 


Lapp PULSAFEEDER ~““ 
CONTROLLED-VOLUME CHEMICAL PUMP 


If your process requirements demand accurate handling of corrosive and 
non-corrosive liquids, here is the pump for the job. The Lapp Pulsafeeder is a 
piston-diaphragm pump... it has positive displacement with no stuffing box. The product 
being pumped is isolated from the drive mechanism by a hydraulically balanced 
diaphragm, thus preventing leakage or contamination of the product. 

Pumping speed is constant; variable flow results from variation in 

piston-stroke length ... controlled manually by hand-wheel, or, in 
Auto-Pneumatic models, by instrument air pressure responding 

to any instrument-measurable processing variable. 

WRITE FOR BULLETIN 440 with typical applications, flow charts, 

description and specification of models of various capacities and 

constructions. Inquiry Data Sheet included from which we can make 

specific engineering recommendation for your processing requirement. 

Write Lapp Insulator Co., Inc., Process Equipment Division, 

‘03 Wilson Street, Le Roy, N.Y. 
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announcing the new 


-RECTILINEAR 


READ WITH 
A&A RULER... 


the exclusive recti/rite trigonometric link- 


age inscribes the true signal form on 


a standard rectilinear chart. You have 
frontal access for all controls and making 
chart notations . . . + 1% 


full 414 


100 microamperes; 


accuracy over 
-inch scale; sensitivity —0.45-inch/ 
pen speed at a quar- 
ter-second over full 414-inch deflection. 


Use ac or de drive, spring drive, or 


external drive . . . with 10 optional 


chart speeds. 


For complete information on the modern 
and versatile 
Bulletin R-501. 


recti/riter — write for 


LECHNICAI 
LABORATORIES 


HOUSTON 


PEEDWAY . i ROX 6072) 


HOUSTON 6. TEXA 


° instrumentation subsidiary of 
TEXAS INSTRUMENTS INCORPORATED . 
ee? 
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WHAT’S NEW 


WHAT THE ISA CLINICS COVERED 


1. DATA HANDLING: 


Reports Gene Grabbe “This wa 
a very stimulating workshop and 
attracted a sellout crowd of 700 
(only 200 were expected) to the 
various ballrooms of the Hotel New 
Yorker on Sept. 17-18. It was di 
rected primarily toward an informal 
exchange of information on data 
handling techniques and its formal 
papers were published and circulated 
m advance. ‘The range of interest 
ran from aircraft and missile test 
through chemical processing to geo 
physical and medical data reduction 

“In the session on the 17th 
eight panel member 
statements, then the audience dug 
in with reactions and questions \ 
lively session everyone 


general 


made short 


indeed ind 


2. ANALYTICAL INSTRUMENTS: 
Reports Harry Karp lt wa 


an experience to roam through 
on the first and second mezzanine 
of the Statler Hotel on Sept. 20 and 
sce engineers 


quik 


rOOTUS 


hunched over and 
around process analyzer ee pictures 
below). It was all part of the two 
day clinic run by ISA which gave 
process control engineers a chance 
to get well-acquainted with the in 
nards and application of five type 
of product analyzers More than 


Perkin Elmer's Vapor Fractometer 


tayed Ihe Ss 1On 1 the Sth 
were organized in horizontal and ve 
tical fashion by subject matter. “Stim 
ulators’ headed these session ind 
successfully activated audience discu 
olution 
unani 


ion of needs, problems, and 
Once attend ere 
mously enthusiastic abou 


ao 
igain, 


and asked for more of the sam 


“More 


type 1s needed 


experimentation of thi 
as Ctk ha 


editorial to avoid 


frequent! 
pointed out in 
the dullness and lack of exchang 
that plague most technical session 
Don Prell of Benson Lehner, the 
guiding hand behind the 
congratulated for his fine 


vorkshop 
is to be 
oordinating 


job of organizing and 


the session.’ 


300 came to the session 

repeated four times to give every m 

1 seat at them all. Incidentally, the 
techniques covered were pH, infrared 
spectroscopy, thermal conduc 
tivity gas analysis, and ga hroma 
tography. Frankly, I think thi 
did way for makers to 
technical 
about their new units 
loading into the 


X-Tay 


1 splen 
CX Pose uscr 
engineers to information 
rather than by 
general sessions 


(ISA clinics continue on page 40 


Continuous Infrared Analyzer 


T. R. Vick Roy of du Pont (left above) and Tom Wherry of Phillips Petroleum (bow 
tie) lisen to North American Phillips x-ray spectroscopy demonstration. 





~ Millions of strokes 


that’s how Decco’s 
New Oil-immersed Solenoid 
can perform for you 


Decco’s OIL-IMMERSED solenoid is so superior in performance 
and dependability, it is in a class by itself. Here are some of its 
outstanding features: 


2. Unbelievably little wear. 


4. Operates 35° to 50° cooler than standard types. 


6. Solenoid is completely sealed in compact, die-cast 
housing. 


8. Shock-mounted in two directions. 


ecco 


SOLENOIDS 


ETROIT 





Decco Standard Solenoids are built in a 
complete range of sizes and types. Write 
for complete information 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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Muirhead can give 
immediate delivery 


of BuOrd I8 CT4a 
Synchros with 


MUIRHEAD 





MUIRHEAD INSTRUMENTS INC. 677 Fifth Ave.- New York 22 - MY. + U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED - STRATFORD - ONTARIO - CANADA 


MUIRHEAD & CO. LIMITED - BECKENHAM - KENT } ENGLAND] 
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3. MAINTENANCE CLINIC: 
ISA’s popular Maintenance Clini 


was held this year in laboratory class 
rooms of Columbia University. The 
pictures below show the kind of 
equipment the technicians and engi 
neers worked on: 21 companies fur 
nished products and instructors, and 
items ran from pressure regulators 
through computing relays to elect 
ronic controllers. Ed. note: Still 
another good example of ISA’s well 
organized and impartial method of 
getting the makers together with th 
uscrs 


Honeywell's ‘Telosct 


Taylor's Miniature Recorder 





ELECTRONIC 
CONTACT 
CONTROLLER 


—w 7 2 BY *laylor 


ERE’S rugged, positive contact action for control 


mechanisms of the two-position action type—the 
“on-offs”, “open-shuts” and “high-lows This new 
Taylor Electronic Contact Controller embodies a com 
pletely new concept in contact mechanisms—it's de 
signed for: 


1. Accurate and dependable operation of electrical 
circuits. 

2. On-off applications with small process lags, slow 
reaction rates, and small and infrequent load changes. 
3. Use on nearly all types of measuring systems 
temperature, pressure, liquid level, flow, humidity, 
speed, etc. 


4. Indicating, recording and/or controlling purposes 


An extremely versatile instrument, the new Taylor 
Electronic Contact Controller can be used in many 
different places where pneumatic facilities aren't ad 
visable or available. It's made also for use as a supple 


ment to pneumatic control 

These standard forms emphasize the flexibility of the 
instrument: Two-Position Single Point Action (On 
Off), Two Position Differential-Gap Action (On-Off 
with adjustable differential gap or neutral zone), and 


FEATURES Phree-Position Differential Gap Action (High-Medi 


: um-Low, differential adjustable ) 
e Changing Resistor-Capacitor Can gives Single Point 


; j : : For full details ask your Taylor Field Engirs 
or Differential Control. Control point easily adjusted gineer of 


write for Bulletin 98265. Taylor lostrument Com 


by set pointer. 
y I panies, Rochester, N. Y., or Toronto, Canada 


e@ Fully adjustable, self-locking differential between 
high and low contacts. Safe contact voltage—never 
over 6 volts. Current in micro-amps. 

e Self-wiping control contacts made of non-corrosive 


Monel. All other parts are hermetically sealed against 


@ Electronic tube, Relay and R-C Can are plug-in 

units. Load Contacts on Relay are Single-pole double- ae ie = 
ne ACCURACY FIRST 
e Attachments can be fitted to present 100 Series 
Taylor Instruments with no drilling. 








e Internal wires and external connections numbered 


for easy servicing. Signal lights and vibration damp IN HOME AND INDUSTRY 


ing available. 
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Step up engineering output by uti- 
lizing functional design technique 
and EECO plug-in circuits... use 
engineering time to design systems 
instead of circuit detail. These basic 
circuit units are already being used 
by scores of organizations as build- 
ing blocks in developing electronic 
equipment with surprisingly large 
economies of engineering and fabri- 
cation time. Thoroughly proven by 
more than four years service in 
some of the nation’s largest data 
systems, standard EECO plug-ins 
are available from stock. Custom 
units with your circuit can be read- 
ily manufactured, and costs are 
actually below those of standard 
assembly methods. Write for data 
file no. B-4, 

Electronic Engineers: interest 

ing and challenging work in systems 

and related projects offers unusual 

employment opportunity for those 

who qualify. Send resume to the 

attention of R. F. Lander 


ENGINEERED ELECTRONICS COMPANY 


(formerly EECO Production Company) 


a 


4? CONTROL 


8 subsidiary of 
Electronic Engineering Company 
of California 


506 EAST FIRST STREET 
SANTA ANA, CALIFORNIA 
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WHAT’S NEW 


R. A. Lamm 





Gerhard Recthof Michael 


Important Moves 
by Key People 


P Among the projects that Robert W. 
Boesel will oversee as chief project en 
gineer for Republic Aviation’s Guided 
Missiles Div. are an air-to-air 
system and an air-to-surface firing con 
trol system. ‘To handle these and other 
assignments, Republic recently moved 
its division into larger quarters in 
Farmingdale, N. Y., and created Boe 
scl’s post. Well-equipped academically 
as an engineer-supervisor (he has a 
masters in acronautical engineering 
and one in business 
Boesel also has solid field experience 
he was with Bell Aircraft as project 
manager of a bomber defense missile 
system, with the Air 
teorologist and flight instrument. r 


missile 


idministration), 


Force as a me 





T. O. Moore 


R. R. Kesti 


Montalbano 





Irven Travis 





C. D. W. Thornton 





G. L. Broomell Jr. 


searcher, and with Stanley. Aviation 
> Thomas O. Moore, the new chief 
electronic engineer of ORRadio In 
dustries, Inc., maker of magnetic r 
cording tape, has done extensive work 
in nuclear power applications, includ 
ing the Navy-AEC atomic submarin« 
project, and in recorders and recording 
ystems. At ORRadio he will head the 
division that is developing and evalu 
ating the new Irish instrumentation 
tapes (geophysical tape, computer tap 
for electronic computers, and an in 
strumentation tape that records both 
sound and color pictures for TV and 
the screen). 

>» Raymond G. Bower, whi retired in 
September as vice-president of engi 
neering of Burroughs Corp., has been 
succeeded by Dr. Irven Travis, vice 
president of research since 1952 
l'ravis, who becomes vice-president of 








RIGHT ARM 


of industrial research 


INGLE to 8-channel inkless and permanent 
recording in true rectangular coordinates 
of 0-100 cps phenomena — ranging from 
telemetered aircraft data to atomie reactor 
characteristics is the vital and growing role 
of Sanborn oscillographic recording systems 


in industry. The Sanborn file of users indicates 


that such recordings are aiding in the dynami 
analysis of jet engine starters, machine tools, 
agricultural machinery and oil drilling 
equipment; performance of pilotless target 
aircraft, modern submarines and tracking 
radar systems; and the production testing 

of servo components, valve positioners and 
precision potentiometers. Sanborn system 
designed especially for recording analog 
computer output extend applications further 


in simulated flight set-ups, solution of comple» 


problems with six or eight variables, et« 


8-,6- CHANNEL 4-CHANNEL 2-CHANNEL 


1-CHANNEL 


Sanborn's galvanometer 
writing arms record 
valuable data to heip 
solve the countiess 
measurement problems of 
research, design, and 
production testing. 


The advantages of making Sanborn 
equipment the “right arm” of your recording 
problems include extreme flexibility, by mean 
of a dozen different interchangeable, plug-in 
"150 Series’’ preamplifiers which quickly and 
economically adapt a basic system to changing 
requirements; choice of 1-, 2-, 4-, 6- o1 
3-channel systems, in vertical mobile cabinet 
or “‘portably packaged numerous chart 
peeds, many individual channel controls, and 
high over-all system linearity 

l'o see how ose illographi recording the 
Sanborn way can become the “Right Arm 
ot our analysis work write for detailed 
information or contact your Sanborn 
Representative. Sixteen-page “150 Sy 


catalog on request 


SANBORN COMPANY 


Industrial Division, Cambridge 39, Me 


2-, 4-, 6-, 8-CHANNEL 
ANALOG COMPUTER SYSTEMS 
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You Can’t Beat a 
BRYANT 
MAGNETIC 
DRUM 



















for digital computers, inventory control systems and tape-to-card con- 


verters, also as delay lines, synchronizers and frequency generators. 


@ Designed to purchaser's requirements 

Guaranteed accuracy of drum runout .00010" T.I.R. or less 
Air bearings or super-precision ball bearings 

Belt drive or integral motor drive, speeds to 100,000 RPM 
Capacities to 5,000,000 or more binary digits 


Vertical or horizontal housing 


Head mounting surfaces to suit 


High density magnetic oxide or electroplated magnetic alloy coating 


High Speed Motors, Spindies and Drums 


Bryant designs and manufactures electromechanical 
components for precision operation up to 200,000 
RPM, and magnetic drums from 2” diameter x 3” 
length to 20” diameter x 42" length. If you have a prob- 
lem in applying high speed rotating equipment to 
your product, write Bryant today. 


BRYANT GAGE and SPINDLE DIVISION 


P. O. Box 620-L, Springfield, Vermont, U.S.A. 
DIVISION OF BRYANT CHUCKING GRINDER CO. 
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WHAT’S NEW 


research and enginecring, jomed Bur 
roughs in 1949 as director of research 
activities at Paoli, Pa. Bower came t 
the company in 1919, and before be 

coming vice president in 1946 was an 
experimental engineer hief experi 
mental engineer, and factory manager 
it Detroit 

~The new director of engineering of 
Bendix Aviation’s Pacific Di ha 
worked with guided missile mec 
1941, when their possibilities were just 
coming into focus as a result of stud 
ics in radar receivers. He is Ralph A. 
Lamm, formerly head of special mi 

ile development of Bendix’s Research 
Laboratories Div. In 1941 Lamm wa 
associated with MI'T’s Radiation Lab 
which then was doing radar work. Hi 
assignments there led to an appoint 
ment as head of the MIT Field Ix 
perimental Station, which did research 


in,.and developed ind designed, com 
plete missile guidance vstem ind 
their components. Later he was named 


consultant to the Bureau of Ordnance 
of the Navv, and in 1948 became chief 
of the Missiles Div. of the National 
Bureau of Standard In 1951 NBS 
ippointed him assistant director and 
chief of the Missile Div. of its then 
new Corona Labs, and when the Co 
rona unit became part of the Nav 
Bureau in 1953, Lamm was made tech 
nical director 

P The general engineering divisions of 
two companies—Valvair Corp. and Sin 
clair-Collins Valve Co.—are under new 
Chief Engineer Richard R. Kesti, a 
missile valve and control specialist 
Kesti’s former affiliation nclud 
Chrysler Corp. and Redstone Arsenal 
Huntsville, Ala 

> Charles D. W. Thornton, who ha 


been appointed director of research of 
larnsworth Electronics Co., has an 
interesting background in atomic en 
ergy and nuclear physi His work in 
these field tarted in 1939, when he 
joined Eastman Kodak ( is a 

earch chemist, and continued at Ten 
nessee Eastman (¢ orp., where he pat 
ticipated in the pioneer experiment 
it Oak Ridge. Before joining Farn: 
worth Thornton was director of the 


general manager's office of operation 
ind planning of the AEC 

© Vickers, Inc., has appointed Gerhard 
Recthof, formerly an assistant profe 

or of mechanical engineering at MIT, 
chief of research under Duncan Gardi- 
ner, director of research and develop 
ment. At the same time LeRoy D. 
Taylor, who has been with Vicker 
since 1948, becomes assistant chief 
engineer for development. Reethof 
who was a Fulbright lecturer on ma 
chine design 1953-54, also was with 








printed 
for 


sound 


“THRU-CON” 


print wire boards 


SONIC INDUSTRIES’ PHONOGRAPHS AND 
COMBINATIONS USE GENERAL ELECTRIC 
“THRU-CON” PLATED PRINT WIRE BOARDS 


The chassis requirements of Sonic Industries’ 
famous “Capri” models could not be met with 
conventional etched type circuits or wiring. 
Sonic engineers utilized the space-saving, two- 
sided characteristic of General Electric 
exclusive “Thru-Con” process to design their 
compact chassis. 

Plated-through holes made the use of eyelets 
unnecessary and permitted high-speed, low- 
reject dip soldering. 

Now General Electric “Thru-Con”’ print wire : COMPACT CHASSIS BOARD USED IN SOWIC INDUSTRIES’ TWIN 


" < ‘ SPLAKER PORTABLE Hi-Fi PHONOGRAPH SPACE AXO WEIGHT 
boards are used on all Sonic Industries’ models. ;, PROBLEM REDUCED TO A MINIMUM WITH THRU-CON 








Manufacturers of all products where wiring or descriptive brochure write 


is required should investigate the space-saving, porntencmapestienpntys enacts 
19 “ - . < PECIALTY ELECTRONIC COMPONEN 
cost-saving features of “Thru-Con” print wire SECTION 127 * AUBURN, NEW YORK 


boards. 
Progress I Our Most Inportont Product GENERAL QQ) ELECTRIC 


SPECIALTY ELECTRONIC COMPONENTS DEPARTMENT * AUSURBRMNM, HM. Y. 
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ON AERONAUTICAL RESEARCH AND TEST FACILITIES 


0003 
0596 
7; 


CompuDyne Control 


---Increases data output and validity 


CompuDyne Control Systems establish the constants necessary for 
valid aeronautical test work . . . regulate the most severe process tran- 
sients. Employing computor-dynamic techniques, they attain steady- 
state conditions . . . step, ramp or otherwise program variables . . . at 
higher speeds, with greater accuracy than ever before possible. 

Time saved in attaining test conditions is a vital factor in data output. 
Accuracy is essential for data validity. 

Prior to manufacture, CompuDyne Control Systems are pre-tested by 
means of analog computor studies, You know exactly what performance 
to expect. CompuDyne Control Systems are designed, built and installed 
within your facility . . . from conception to operation... ona guaranteed 
performance basis. 

INFORMATIVE NEW BULLETIN entitled, “VALID DATA .. . 
economically produced by dynamic process control” will be sent to 
you upon request, Write or telephone. 


Representatives in major cities 


cde control services, inc. 
402 SOUTH WARMINSTER ROAD ¢© HATBORO, PA. 
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Sperry Gyroscope and General Ele 
tric. 
P Directing the application of data 
processing equipment and mathemati 
cal techniques to steel operations at 
Kaiser Steel Corp. will be Michael 
Montalbano, the new director of com 
puter research. Montalbano joined 
Kaiser in 1954 as a mathematician, af- 
ter experience with the National Bu 
reau of Standards and the Naval Re 
search Laboratory. 
> G. Lupton Broomell Jr. succeeds 
John W. Harsch as director of engi 
neering of Leeds & Northrup Co 
Harsch came to L&N in 1923 from 
Inland Steel Co. and the Mellon In 
stitute, and in 1926 received the first 
of a series of patents in forced conve: 
tion heating, atmosphere control, and 
related subjects. Among his honor 
for work in this field are the ‘rink 
Industrial Heating Award and the Na 
val Ordnance Development Award 
Broomell has been assistant director of 
engineering 

Raul H. Frye, appointed general 
manager of Fairchild Camera & In 
strument Co.’s Electronics Div., comes 
from American Machine & Foundry 
Co., where he held the identical post 
He has also been with National Co., 
Inc. (vice-president for engineering 
Raytheon Mfg. Co. (general manager 
of the Special Products Div.), and 
American Television & Radio Co.., 
Electronic Laboratories, Inc., and the 
Navy Dept. 
Stanford Research Institute has 
formed a Mathematics Group to serv 
ice the various research programs at 
Menlo Park, and has made a key ap 
pointment in its Computer Labora 
tory. The new group is headed by 
Clay Perry, who is assisted by George 
Evans. Other staff members: Clarence 
M. Ablow, senior research mathemati 
cian; Carson Flammer, senior math« 
matical physicist; Ralph E. Keirstead, 
research mathematician and chief pro 
grammer; Walter E. Weibenson Jr., 
research mathematician; Marilyn An- 
derson, Elizabeth A. Clarke, Mary M. 
Humphrey, and Jean H. Waters, math 
ematicians; and Curtis Perry and Leon- 
ard Leving, mathematical assistant 
New member of the Computer Labo 
ratory is Torben H. Meisling, whos« 
title is senior research engineer. Meis 
ling, a specialist in systems design, ha 
been connected with MIT’s Lincoln 
Laboratory and the University of Cali 
fornia. He taught digital computer 
design at the university and lectured 
and did research on computer project 
there 


Other important move 





THE NEW AMPEX FR-1100 
The best things 
magnetic tape recording can do 





combined in a single instrument 


of moderate cost 


THIS RECORDER IS YOUR BEST CHOICE 


@ IF you are equipping a laboratory 
and want facility for everything 
that comes along 
@ IF you are an expert 
improving your methods before a 


bigger equipment purchase 


oir you are starting from scratch 





to evaluate m agneti« tape as a 


data or! ntrol technique 


e@irF you Nave a spt fic need 
for an instrumentation recorder 


with a maximum of two tracks 


Features of the FR-1100 include inter 
changeable plug-in amplifiers, interchangeable 
heads and four tape speeds. It can equal 
(and surpass) five standard two-trach 
recorders in Ampex's familiar 500 Series 
107, 309 and 311 also a 

303/306 combination). Photograph shows 
a two-track FR-1100 equipped with 
ameter panel and Servo Speed Control 
Both tracks are available for data 

even when the Servo Speed Control signal 


recorded on one of them 


In addition to its versatility, the FR-1100 

has ba win ! wn int pe rlormance 
over the previous models it supplant 

Specifications and a complete description 
should be i our information file 


Write today to Dept. HH -298 


EF X | FIRST IN MAGNETIC TAPE INSTRUMENTATION 





. ‘i 
Cc OR PORA I ] ON | 934A Charter Street « Redw a Cit Calitornea 
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Micro 


Bearings 


72-PAGE 
TECHNICAL MANUAL 
AND CATALOG ON 


MICRO-BEARINGS 


miniature 
ball bearings 


if you work with miniature instru 
menttype ball bearings you'll find 
this new, authoritative publication 
a complete, handy source of engin 
eering data and specification in 
formation 


HELPS SOLVE 
DESIGN PROBLEMS 


Far more than an ordinary catalog— 
it contains a heipful survey of fac 
tors to consider in selecting and 
applying miniature ball bearings-— 
plus 60 pages of engineering bul 
letins covering all the aspects of 
bearings important to designers... 


Available types 

Radial and axial piay 
Dynamic and static loads 
Lubrication 

Torque 

Mounting practices, etc... . 


4 
‘ 
2 
hi 

ay 


Sent FREE to Engineers 
Draftsemen, and Purchasing Agents 
Write for your copy... 


NEW 
HAMPSHIRE 
BALL 
) BEARINGS, INC. 


> PETERBOROUGH 1, N.H. 


“ ioe Seas 
SRO ys 


us 
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Even Rabbits Like Fielden’s Automatic Test for Pyrogens 


look 


section 


This may like a 
the rabbit the 
bleachers (full of rabid fans, 
but it happens to be something quit 
different standard pyro 
gen test procedure designed and en 
ginecred by the Fielden 
Div. of Robertshaw-Fulton 
Co Phe for t 


picture ot 
ball-park 


naturally 


a stage in a 
Instrument 
( ontrol 
for 


technique ting 


pyrogen 1 fever-creating substance 
that is itself free of lis 


is a medical rather than 


ng icteria 
Cngimece!l 
interest to the 
fact that befor 
the automat 
ind re 
test wa 


it} 
ing matter; however, of 
the 

development of 
indicating 
entire 


control 
the 
temperature 
the 


carried out manually 


man 1S 


ording 


svstem, pyvrogen 


Scientists Simulate Rough Environment for Instruments 


Westinghouse Electric Corp. engi 
neers running tests on airborne elec 
tronic are sending them 80, 
000 ft into the air, heating them to 
500 deg I, and cooling them to minu 
100 deg F, the systems ar 
standing still secret is a 
of brand new testing 
chambers at the company’s Air Arm 
Div. at Baltimore. Instrumentation in 
one chamber the 
for simulating rain humidity 


systems 


all while 
Lhe 


environmental 


pall 


mean 
ind salt 


prov ick 5 


h altitud in 
Reaching 


min, go 


pray, mn the other hig 
high and low temperature 
the 80,000-ft tak 
ing to 185 deg F from 
takes hours 


two chambers 


level 
room temper 
Insulation of 


ber 


ature 
the 

glass, walls and ceiling 
less steel 
16 ft 
ton door 
iltitude 
level” 


made ot 
irc of 
Each one measur 10 br 
\ special ?-ft-thick, four 
down in front of th 
floo 


tain 


by 
MmOovVes 
chamber to pe mit 
ot mecint 


loading hea equij 








For today’s intricate circuitry, A-MP’s 


“Taper Technique"—with or without A-Mi’s Auseuiitn 
Crimping Machine 
programming boards—makes possible the produces up to 
4,000 finished 


greatest number of orderly connections in Taper terminations 


per hour - 


the smallest space. é @) 
i" Pp 
s 


See your nearest A-MP representative A 
or write the Generali Office 


Aircraft-Marine Products, Inc. 
GENERAL OFFICE: HARRIBGOBYURG, PA. 


Photo courtesy of Notional Advisory Commitiog lor Asronavte: 
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Stimulation, status, security .. . 
the absorbing challenge of the 
rocket propulsion field, the re 
wards of professional recognition, 
the stability of a firmly established 
organization are yours at 
Aerojet-General. 


























































































































Aerojet offers experienced control 
engineers, electronics engineers 
and recent graduates unparalled 
opportunities on a variety of im 
portant problems. 








Design and develop infrared de- 
tection, tracking, and guidance 
systems. 

Design and develop missile guid 
ance, aircraft search, tracking, 


control, communication, and 
gunsight systems. 
Design magnetic circuits and 


amplifiers and data recording 
and processing equipment. 
Perform electronic simulation 
of control systems using analog 
computers—analysis and syn- 
thesis. 


mmm ery (gencral 


CORPORATION 
A Subsidiary of AZUSA, CALIFORNIA 
The General Tive SACKAMENTO. 
& Rubber Company CALIFORNIA 
Write: Director of Scientific and 
Engineering Personnel, Box 296TT, 


Azusa, Calif. or Box 1947TT, Sacra- 
mento, Calif. 
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| WHAT’S NEW 


All Around the 
Business Loop 


P The country’s two biggest makers of 
electronic data which for 
more than a year have been grumbling 
about each practices in the 
calculator field, have made up. Be 
cause of the size of IBM and Sperry 
Rand, and because of the influence 
they carry in the industry, there prob 
ably could have been no more sati 
factory truce than the one agreed on 
in New York last August. Under it 
terms, a nonlicensing agreement has 
been set up to exchange licenses to 
manufacture punched-card accounting 
machines and electronic data calcula 
tors under respective patents and pat 
ent applications in existence as of last 
Oct. | 

Recognizing IBM's predominence in 
production, the pact calls for this com 
pany to pay Sperry $1,250,000 a vear 
for the next eight year 


machines 


other 


this money 
to be credited against production ro\ 


alties. After this time, th payment: 
will ccas 
The actual claims and counter 


claims filed by the companies against 
each other (Sperry’s, an anti-trust com 
plaint, was filed last December, while 
IBM’s counter, charging patent in 
fringement, came in June) are 
matically disposed of by 


auto 
a procedure 


TWO MOVES IN CALIFORNIA 















for settling patent interferences and 
for exchanging technical information 
about all machines announced or re 
leased to production before Oct. 1. 

© The Loctite sealant for metals, de 
scribed in the New Product section 
last month (page 153), is the principal 
reason for the existence of a fairly new 
company in Hartford, Conn., known 
as American Sealants. Vernon K. Kric 
ble, who developed the chemical com 
pound, founded the company to manu 
facture and market it shortly after his 
retirement from Trinity College, where 
he wap Scovill Emeritus Professor of 
Chemistry. Originally intended as a 
pasttime, the company grew so fast 
that Krieble had to call in son Robert, 
1 PhD in chemistry who was manager 
of the Chemical Development Dept. 
of Genera! Electric, as vice preside nt, 
and a couple of other men to help him 
with advertising, sales, and promotion. 
One of American Sealants’ latest or 
ders: a six-figure security issue, which 
the elder Krieble sold almost single- 
handedly. 

> Panellit’s new subsidiary, Panellit 
Service Corp., will take over the par 
ent company’s Instrument Services 
Div. and expand activities in instru 
Neil M 
Blair, who managed ISD, has been 
named vice-president and general man 
iwer of the new corporation 


mentation and automation 
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vew HAGEN 


hand set 


time delay relay 


controls 
1 to 10 
circuits 
in sequence 


Foolproof on Repeat Settings 


No danger of over-timing when you repeat a process several 
times -— each with the same timing. On the first run, 
operator simply presses the stop release button and sets the 
adjustable stop (both shown in blue) at the desired time 
. .. then turns the pointer as far to the right as it will go... 
it can’t go beyond the stop. Thus the setting is always correct 
— on the first and all subsequent runs. 


A synchronous motor returns the cam shaft to “O” position, 
tripping switches in accordance with time settings. The 
process is stopped automatically. 


A wide selection of snap-action switches is available .. . as 
well as cam combinations. The Hagen Hand Set Time Delay 
Relay Model 73 is the answer to controlling solenoid valves 
in an industrial process, starting a group of motors in se- 
quence, for pump controls, and many other uses. 


Send for Bulletin 580 


MAIL COUPON TODAY! 


HMAGEN MANUFACTURING COMPANY, INC. 
Dept. CE-1156, Moline, Ilinois 


Please send Bulletin 580 on the new Hagen 
Hand Set Time Delay Relay. 


NAME AND TITLE 
COMPANY 
ADDRESS 


city 
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> New IBM data processing centers in 
Zurich, Switzerland, and Stockholm 
Sweden, bring to five the number of 
uch centers in Europe. Others ar 
located in Stuttgart, Germany, Lon 
don, and Paris. ‘The company also ha 
imilar centers in Rio de Janeiro, Cat 
acas, and Toronto. All are designed to 
handle scientific, engineering, account 
ing, and statistical computations, anc 
data processing. IBM is making use of 
its diversified manufacturing facilitic 
to supply the two new centers: the 650 
magnetic drum processing machin 
planned for Zurich is being produced 
in Germany, while the one earmarked 
for Stockholm will come out of the 
company’s plant in France 

© Scientists and engineers studying the 
possibilities of machine translation of 
languages have taken another gigantic 
step. Now that word-for-word transla 
tion is looming over the technological 
horizon, they have started thinking 
about sentence-for-sentence — transla 
tion. The work, most of which i 
being done at MIT’s Research Labora- 
tory of Electronics, was described to 
the AIFF by Victor H. Yngve at the 
recent Fall General Meeting in Chi 
cago. “The translation produced by 
1 routine that translates on a sentence 
for-sentence basis will be vastly better 
than the output of a word-for-word 
translation machine,” he said. “Most 
output sentences will be grammatically 
correct. ‘There will be verv few word 
order problems remaining. Many of 
the multiple-meaning difficulties will 
be solved, particularly those involving 
the most frequent words of the lan 
guage and the very frequent infle 
tional endings.”” Yngve added this bit 
to the Needless-to-Sar Dept pro. iding 
translation routines on a sentence-for 
sentence or structural basis require 
lot of detailed linguistic work 

> The National Science Foundation’s 
first grant to colleges and universiti 
in support of computation centers and 
research im numerical analysis total 
$135,000 Recipients ar Cal ‘Tech, 
$38,000; MIT, $30,000; Oregon State 
College, $20,000; University of Wash 
ington, $17,500; and University of 
Wisconsin, $30,000. The funds will 
be used to establish new computing 
centers, expand existing i pa 
rental for computing timé ind in 
some cases pay salaries of research 
issistants Ihe foundation noted in 
making its announcement that numeri 
cal research in this country not a 
extensive as it could be. Among rea 
sons given: the few large mputing 
centers now operating al iwatlabk 
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JIRECT WRITING CONVENIENCE. . 
ITH PHOTOGRAPHIC ADVANTAGES! 


You rtshed For This! 


TROGRAPH MODEL 420 


ELECTROPHOTOGRAPHIC 
RECORDING 
OSCILLOGRAPH 


ONLY THE REVOLUTIONARY CENTURY ELECTROGRAPH OFFERS THESE FEATURES 


Permanent instantaneous oscillograms 
Eliminates need for messy liquid chemicals 
No darkroom required 

Automatic continuous dry processing 

View oscillogram while recording 


Century's engineers are the first to accomplish the 
long dreamed-for wedding of photographic re- 
cording and compietely automatic dry processing 
to eliminate the need for costly darkroom facilities 
and liquid developing, rinsing and fixing. 


The greatest advancement in the technique of mul- 
ti-channel oscillograph recording in over 20 years, 
the CENTURY ELECTROGRAPH is essentially a 
direct-writing recording oscillograph utilizing the 


Utilizes sensitive light-beam galvanometers 
Up to 24 traces on eight inch paper 

Traces can overlap 

Precision timing lines 

Low power consumption 


RADICALLY new technique of Electrophotography 
combined with light-beam galvanometers. 


NOW investigate CENTURY ELECTROGRAPH—the 
most modern approach to simplified oscillographic 
recording — when planning your instrumentation 
program whether for research, engineering, test, 
or any other 


quality control, process control, 


analog recording requirement. 


COSTS NO MORE THAN OLD-FASHIONED METHODS 


E(( 


pe Century Electronics & Instruments, Inc. 
1333 NO. UTICA, TULSA, OKLAHOMA 


lor further information, call on our nearest representative 


EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY — TEL: BARCLAY 7-0562 


PHILA WASH AREA NY NEW ENGLAND AREA MIDWEST AREA TEXAS N MM. AREA ARIZONA AREA SO CALIF. AREA NO. CALIFORNIA 


4447 N RODINE ST 79 46 NORTHERN BLVD 363 W. FIRST ST 5526 DYER ST 3686 BAKER PL 40 SO. LOS ROBLES 2015 EL CAMINO REAL 
PHILADELPHIA 40, PA LONG ISLAND CITY 1, N.Y DAYTON 2, OHIO DALLAS, TEXAS TUCSON, ARIZONA PASADENA 1, CAL REOWOOD CITY 
TEL: MICHIGAN 4.1622 TEL: STILLWELL 4.7120 TEL: FULTON $292 TEL.: EMERSON 6716 TEL: 7-150! TEL: RYAN 19663 TEL: EMERSON 66214 





NOW -PORTABLE 
400 cycle power 


Se a) ES AO 


This new frequency changer makes it pos- 
sible to provide well regulated 400 cycle 
power conveniently and quickly. This unit, 
Model FCR 250, is extremely useful in a wide 
variety of applications including testing, 
production, airborne frequency control, com- 
puters, missile guidance system testing, and 
in practically any application where the use 
of 400 cycle power is advantageous. 


Model FCR 250 is only one of a complete 
line of frequency changers available from 
Sorensen ... the authority on controlled 
power for research and industry. Write for 
complete information. 


ELECTRICAL CHARACTERISTICS 
Input 105-125 VAC, 1 phase, 50-65 
cycles 
Output voltage 115 VAC, adjustable 105-125V 
Output Frequency 320-1000 cps in two ranges 
Voltage regulation +1% 


Frequency regulation + 1% (+0.01% with auxiliary 
frequency standard fixed at 400 
cycles) 


lood range 0-250 VA 








MODEL FCR 250 





SORENSEN & COMPANY, INC. ' STAMFORD - COMM. 


in Europe, contact Sorensen-Ardag, Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment. 
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NEW CONTROLLER LINE 
ADAPTS 3/76 WAYS 


Fenwal Announces 
Low-Cost Temper- 
ature Indicating 
Controllers 


ASHLAND, MASS. Fenwal 
Inc., has announced here that tailor- 
made, accurate, low-cost temperature 
indicating controllers are now avail- 
able from stock. 

Tailor-mades from stock are made 
possible by the development of the 
new Fenwal Series 541 line. The 
Series 541 is a standardized line of 
matched temperature indicating con- 
troller parts which can be combined 
easily in 576 ways. 

From these possible combinations 
come perfect solutions to countless 
temperature control problems. A 
prospective user lists the characteris- 
tics of the ideal temperature indicat- 
ing controller for his particular opera- 
tion, and Fenwal assembles an instru- 
ment with those characteristics from 
parts in stock. 

No matter what combination is 
chosen, the result is a rugged, accu- 
rate, compact and easily maintained 
unit in a shock-proof, splash-proof, 
dust-proof housing. The housing is 
available in colors to match any equip 
ment in which it may be installed. 

Installation and calibration are so 
simple that instrument technicians 
and laboratory procedures are un- 
necessary. And, after installation, all 
normal temperature adjustments are 
external. 

No matter what combination is 
chosen, the resulting instrument is 
accurate to within one per cent of 
scale. The accuracy is long lasting, 
with few moving parts and no internal 
gears. Simplicity of design brings the 
wear factor close to zero. 

Series 541 offers single or double 
circuit control. There is a choice of 
four different long-life snap switches, 
with ratings up to 20 amps, 250 volts, 
A.C, These switches, singly or in 
combination, can provide a_ wide 
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One of Fenwal's new Serie 


541, bulb-and-capillary controller 











Photo show 


circuit model which has two snap switches, each with a setpoint indicator, that 
ate two separate circuits at the pre-set temperature 


variety of operating characteristics. 

Three stainless steel bulb types are 
available at no increase in price to 
meet space or process requirements. 
Capillaries and bulbs are corrosion 
proof. Capillaries are swivel-mounted 
to protect them from breakage. 

There is a choice of three tempera 
ture ranges: 150° to 200°F, 50° to 
400°F, or 50° to 700°F, or their cen- 
tigrade equivalents. Special ranges 
are available on request. 

The control mechanism may be 
subjected to temperatures up to 
150°F, and is ambient compensated 
from 50° to 150°F. 


Write to Fenwal Incorporated,59| 
Pleasant Street, Ashland, Mass. De- 
scribe the tailor-made temperature 
indicating controller that 
your operation perfectly 
excellent that the tailor-made can 
be yours 


possible. 


would fit 
Chances are 


at savings never before 
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eppe SIZE 8 SYNCHROS FOR 


ACCURACY + RELIABILITY - LESS BULK - LESS WEIGHT 


In our new size 8 series of synchros shown below, we are 
guaranteeing accuracies of 7 minutes or less from EZ Suburban Philadelphia) 


Write or telephone us your requirements (MAdison 6-2101, 


In no other synchros is such accuracy packed in so light and Look to CPPC for Synchros Progress q f pa? 
small a package. Length from face is 1.240” and weight 


32 grams CLIFTON PRECISION PRODUCTS CO., INC Clifton Heights, Pa 


STANDARD UNITS | ROTOR STATOR IMPEDANCE 


SYNCHRO FUNCTION CPPC TYPE input input input Ohms Output Sensitwity | Gutput Sensitwity input inpet japut Ohms 


Phase Shift = Mulls Poss ble length 
V400cy Amps Watts (OC) Roter MY deg Volts (MV deg) Volts Amps Watts (OC 


e (My | 
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HOW TO MAGNETIZE 
PERMANENT MAGNETS 


MAGNET 
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Magnetizing permanent magnets aft- 
er assembly into the product offers sev- 
eral advantages. Higher field strengths 
are obtainable. The magnetic field pro- 
duced in a loudspeaker, for example, 
using an Alnico V permanent magnet 
that has been magnetized after assem- 
bly, is about three times as great as the 
field obtained when the same magnet is 
magnetized before assembly. 

The unmagnetized magnets are eas- 
ier to handle and to assemble with 
other parts of the assembly. There 
is less contamination due to pick-up 
of magnetic particles. 

Magnetizing after assembly is also 
advantageous in such applications as 
watt hour meters, polarized relays, and 
permanent magnet motors. 


Using the Magnetizer 


Most commonly used magnets are 
of simple bar or “U" shapes, which 
may be magnetized with an electro- 
magnetic magnetizer in the user’s plant. 

ig. 1-A shows how a bar magnet 
should be positioned between the mag- 
netizer’s pole pieces. The square ends 
of the pole pieces are used toward the 
gap. The space between the pole pieces 
is adjusted so the magnet can be easily 
inserted and removes. Normally, only 
one to two seconds are required to fully 
magnetize the magnet. 


Valparaiso, Indiana 
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THE INDIANA STEEL PRODUCTS COMPANY 
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An assembly consisting of a bar-type 
magnet and soft-steel pole pieces 
should be placed with the magnet be- 
tween the magnetizer pole pieces as 
shown in Fig. 1-B. Positioning the as- 
sembly as shown in Fig. 1-C will not 
fully saturate the magnet. 

“U” shaped magnets and assemblies 
should be positioned as shown in Fig. 
2, with the tapered ends of the mag- 
netizer pole pieces used toward the 
gap. A meter or separator assembly 
would be placed on the magnetizer as 
shown in Fig. 2-B. 


published for industrial and consumer 


product engineers and designers 





MAGNETIZER 
POLE PIECES 














When a “U” shaped magnet is tall or 
larger than the generally accepted set- 
ting of the magnetizer, the field pro- 
duced at point “X” (see Fig. 2°C) may 
not be sufficient to saturate the mag- 
net. In this case there are two accept- 
able methods of magnetization. One is 
to place the magnet with its side on the 
pole pieces as shown in Fig. 2-D. This 
allows the yoke of the magnet to be- 
come magnetized. The magnet is then 
raised to the position in Fig. 2-C and 
again magnetized. 

The other procedure is to stand the 
magnet on the magnetizer pole pieces 
with one or two steel blocks against 
each of its legs as shown in Fig. 2-E. 
The magnet (or assembly) is then 
magnetized three times: first, with both 
pairs of blocks in place; second, with 


WORLD'S LARGEST MANUFACTURER OF PERMANENT MAGNETS 





blocks (a) removed; and third, with 
blocks (b) also removed. 

For a complete discussion of how to 
magnetize permanent magnets by the 
electro-magnetic method, write for a 
copy of Applied Magnetics,Vol.2, No.3. 
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Magnets protect Bossie 
from Stomach-aches 


Cows often gulp down, with their 
food, various and sundry items including 
a surprising volume of nails, staples, 
wire and other metal objects. As a result, 
Bossie frequently gets a stomach-ache 
called “hardware disease.” 

The sharp edges of the stray metal 
often pierce her stomach wall, and can 
easily cause death. 

To prevent the costly disorder, you 
simply feed the old girl an Indiana 
“Cattle Magnet.” The magnet remains 
in her first stomach, gathering the stray 
bits of metal as they appear. This keeps 
them from passing to her other stomachs 
(she has four, you know) where they 
can cause damage. 





Report on Indox ! 
Ceramic Permanent Magnets 


This recently published four-page 
technical bulletin, “Indox I Ceramic 
Permanent Magnets,” suggests factors 
to be considered during design calcula- 
tions, and discusses possibilities for 
new applications or improvements of 
existing ones. 

Also discussed are some 30 repre- 
sentative sizes and shapes available in 
sample quantities for immediate ship- 
ment. Ask for price list and Catalog 
15-P-11. 
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APPLIANCE SEAL insures absolute 
physical seal permanent bonding to inserts 





VERSATILE 
CERAMOPLASTIC 


BRUSH HOLDER STUD . maintains correct 
gapping under extreme conditions 





COIL FORM .. . achieves dependable 
high speed, high frequency performance 


. 
- 
Ow td 


SPUR GEAR matching thermal expansion 
eliminates distortion and corona 
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Simplest pneumatic controller 
to use and maintain 


Bristol gives you improved stability of control action 
—but keeps basic simplicity of Series 500 Controllers 


Bristol Series 500 Pneumatic Control- bration with this one adjustment. 


lers are the easiest controllers on the 
market to use and maintain—still the 
most dependable and trouble-free. 

The reason? The basic simplicity of 
the operating mechanism. That hasn't 
changed in the years since we intro- 
duced this long-time favorite among 
instrument men, Reason No, 2: they 
are equipped with famous Bristol 
measuring elements, 


Easy calibration 

It’s this foolproof simplicity of the 
control system that makes calibration 
so easy on Series 500 controllers. Only 
one service adjustment is required and 
provided to exactly calibrate the con- 
trol system. The control system can 
be completely disassembled and after 
reassembly (even with replacement of 
parts) can be restored to precise cali- 


BRISTOL’S® SERIES 500 CONTROLLER, shown 
here with four-position transfer station, In- 
ternal station also available. 


BRISTOL 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING 


CONTROL ENGINEERING 


No special tools are required. A 
4-inch wrench is all that’s needed 

The 500’s completely interchange- 
able parts, accurately designed and 
manufactured to extremely close tol- 
erances, make possible this built-in 
calibration 


And check these features: 
improved control stability —ad- 
vanced automatic control techniques 
have been applied by Bristol engi- 
neers to improve stability of control 
action in the new Series 500W Con- 
trollers. 


Wide-band models offer choice of 
% to 400% proportional band with 
simple band shift. 


True zero derivative setting —exclu- 
sive with Bristol. 


Reset action stops in reset models — 
again a Bristol exclusive—prevent loss 
of control due to prolonged deviation 
from set point. 


Four-position internal transfer sta- 
tion with automatic, manual, test, and 
service positions, plus pressure-match- 
ing button and manual pressure regu- 
lator, for maximum convenience in 
process control. 


Complete data available 


Write today for engineering data on 
Bristol's Series 500 controllers for your 
critical control problems. They're avail- 
able for automatic control of tempera- 
ture, pressure, vacuum, draft, absolute 
pressure, liquid level, humidity, pH value, 
electrical measurements, and mechani- 
cal motion. The Bristol Company, 101 
Bristol Road, Waterbury 20, Conn. 


TRAIL-BLAZERS 


FOUR-POSITION INTERNAL TRANSFER STATION 
shown here in interior view of Series 500 
Controller. Permits remote manual control, 
testing and servicing without disconnecting 
instrument 





YOU CAN GET THESE 
CONTROL MODES: 
Fixed narrow band (on-off) 
Proportional band —'2 to 100% and | 
to 30% 


. Reset with wide band—rates 0.1 to 10 or 
1 to 300 repeats per minute. Proportional 
band ‘2 to 400% 
Derivative (rate) 
tional bond. Derivative time 


“a to 100% propor 
0.2 to 20 
min., plus zero derivative setting 


. Reset plus derivative—proportional band 
and reset rate as in “reset” above. Deriv 


ative time as in “derivative” above 


YOU CAN HANDLE THESE 
CONTROL PROBLEMS 
. Cascaded control 2. Selective control 3 
Ratio contro! 4. Time program control 5 


Pneumatic transmission. 
é 











IN PROCESS AUTOMATION 


INSTRUMENTS 











Electro-Snap Switches Can Be Adapted to Almost 
Any Job — Quickly, Easily, Economically 


Just choose the Electro-Snap Basic Switch that meets your elec- 
trical requirements, add the proper actuator — and presto! — 
yoo hee © ances Ge ae Se Sey Saar 
application. Electro-Snap makes a wide variety of 

yn wo ds chaab ear eaiainees dal nee 
ment is at your service if a standard combination “won't Gil 
the bill.” 


For prompt action on your switching | once le gtiaadeas 
description and rough sketch of the switch 








SUB-MINIATURE -L, 
SWITCHES 
TYPE E-4 


$.P.D.T., 1 circuit; 5 
amps, 125/250 v. AC 
Operating force 

150 grams mox. Actuator 
Exceptionally 
vibration-resistant. 
Special model E4-7 
is stabilized for 

— 65° to + 350° 
F. operation. 


Write for 


? tA Extension 
data sheet EW-11 Leet Actuator Leaf Actvotor 






Teggle Actucter 





TYPE S SWITCHES 

















Series $1 
$.P.D.T., 2 circuit; 10 amps, 125/ Roller Lever 
250 v. AC/ 30 v. DC. Ind, Screw Actuator 





or solder terminals on ends or one 
side of switch. Also available 
with reset button at bottom of 
switch or in Type $-100 Make- 
Before-Break Series where switch 
completes a new circuit before 
interrupting old one, 

Write for 

data sheet STW-11 


Push Button Actuvotors 
(Veriovs button sizes eveileble) 











Teggle Actuator 
(momentary or 
constont contact) 


Specie! Puch Button 
Actuator designed fer 
five contre! system 


Extension 
leef Actuvoter 


—_— HERMETICALLY-SEALED 
DOUBLE-POLE SWITCH 
Write for Write for 
=» dn'a -heet DW-12 data sheet HJW-12 








Roller Lever leef Actveter 


Roller Leof 
Actvetor 


DOUBLE-POLE anaes 
SIMULTANEOUS ACTION 


D.P.D.T., 4 Circuit a 

15 amps, 125/250 v. AC. 

10 amps, 30 v. DC Ind. 

Eight terminals and four separate cir- 
cuits which operate simultaneously per- 
mite switch to reverse 3-phase motors, 
replace expensive relays, etc. 





Type 124 Teggle Actvoter 
for 12-4 


D.P.0.7., 4 circuit 10 omps, 125/ 
250 v. AC/30 v. OC, 


Push Button Actuators ">> = 
(\Veriovs button sizes eveilable) 


my 





Extension Leet 
Actvotor 


ELECTRO-SNAP SWITCH & MFG. CO, 4248 West icke Street, Chicage 24, Iilinels 
MANUFACTURERS OF A COMPLETE LINE OF PRECISION SWITCHES FOR INDUSTRY AND AVIATION 
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Alumalife® Case 


500 
400° 600 


300 
200 800 
900 


( 


Phenol Case 


FOR PROMPT ASSISTANCE 
in selecting the right Ash- 
croft Duragauges for 
specific needs, depend on 
the experience of your 
Industrial Supply Distrib- 
utor. He is as close as your 
telephone 


your 


Why do 
ASHCROFT 
DURAGAUGE 


increase 
service life? 


ervice life 
to Duragauges because they’re available in three 


Duragauge casings add extra-long 


different materials: you can choose the case- 
material that stands up best in your application. 
You have a choice of Alumalife* a special 
aluminum alloy; Cast Iron, rugged and durable; 
and Phenol, a tough, rigid plastic 


Duragauge casings are dust and moistureproof. 
Chrome-plated, die-cast retaining rings keep 
the dial cover glass tightly in position and 
prevent the entrance of dirt or harmful fumes 
Depending upon material, casings are Bonderized 
and the ring is Anodized and dichromate sealed 


for protection from corrosion. 


For added protection, there is the Maxisafe 
Duragauge casing with a solid front — a special 
design for maximum safety and ease of 
maintenance Duragauges are easy to service 
since Duragauge casings are constructed so that 
system 


the entire socket, tube, tip, movement, 


dial and pointer—can easily be removed as a unit 


Lifetime Duragauge cases are available fo1 
numerous dial sizes. You have a choice of 
Bourdon tube materials, a wide range of 
pressures, and a movement made completely of 
stainless steel or stainless steel with nylon 


bearings and pinion gear. 


Whatever case material and gauge tem is 
best for your needs, you can rely on the Ashcroft 
Duragauge for highest sustained accuracy 


and long service life. 


in Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
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MAKERS OF AMERICAN 
AMERICAN MICROSEN’ INDUSTRIAL ELECTRONIC 
CONSOLIDATED’ SAFETY RELIEF VALVES, Tulso 
Inglewood, Calif. “SHAW-BOX" AND 
SPECIALTIES, Muskegon, Mich. 

G4-56 
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A product of MANNING, MAXWELL & MOORE, INC. 


INDUSTRIAL INSTRUMENTS, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, 
INSTRUMENTS, Strafford, Conn 
Okla 
LOAD LIFTER’ CRANES 


STRATFORD, CONNECTICUT 


HANCOCK’ VALVES, Wotertown, Mass 
AIRCRAFT CONTROL PRODUCTS, Denbury & Stratford, Conn. and 
BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING 





DNASE AS TUIRERS OF A COMPLETE LINE OF PRECISION SWITCHES FOR INDUSTRY AND AVIATION (-— “SEA 


NEW MINIATURE SERVO 


40% Lighter, 10% Smaller 


Here, no bigger than your thumb, is the smallest prac- 
tical servo control motor currently produced. Com- 
bined with Transicoil’s new Size 8 motor driven 
induction generator, and powered by a new completely- 
transistorized servo amplifier, this motor offers you 
the unusually high torque-to-inertia ratio of 28,000 
radians/sec’. 

Compared with a Size 9 control motor—until now, 
the smallest practical unit available—Transicoil’s new 
Size 8 measures only 0.75 inches in diameter, 10% 
smaller, and weighs only 1.4 oz., 40% lighter. Yet it 
operates on standard voltages from 26 to 52 volts, and 
52 volts with center tap, at 400 cps, permitting push- 
pull transistor application. 

Hence, just as Transicoil’s introduction of plate to 
plate wiring eliminated the transformer, once neces- 
sary in servo systems, the Size 8 units and transistor 
amplifiers mark another milestone in miniaturization. 

This is just one more example of how Transicoil can 


Size 8 Motor Driven Induction Generator 
and Transistor Amplifier. All units of the 
Size 8 system have been designed for 
maximum performance in minimum 
space. 


solve your control problems whether they involve 
miniaturization or control complexity, and go on 
to manufacture systems and components of the 
utmost precision and accuracy. You pay only for 
results—on a fixed fee basis for equipment deliv- 
ered and performing properly. 

Technical data on the new Size 8 combination 
and the transistorized amplifier is yours for the 
asking. But you'll end up with a better system if 
you write outlining your servo control problem. 


TRANSICOIL CORPORATION 


Worcester, Montgomery County . Pennsylvania 
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This letter moved a man ahead 5 years 


‘Two years ago a man took 10 minutes to write this letter. Today he enjoys 
the responsibility and professional standing in the AuTonetics Division of 
North American that might have taken 7 to 10 years to achieve in other fields. 


AUTOMATIC 
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CONTROL 


THE FIELD AT AUTONETICS—A FIELD OF OPPORTUNITY 

Now under way at AUTONETICS are nearly 100 projects, comprising 
some of the most advanced and progressive work being done today 
in the fields of Electronics, Electro-Mechanics, Control Engineering 
and Data Processing. 

You will work on automatic control systems of many kinds, for 
manned and unmanned vehicles. Every state of the art is represented, 
from preliminary conception right through flight testing. Facilities are 
the finest obtainable. Your colleagues will be men of ability and 
imagination, of the highest professional standing. 

The long-range potential in this field is truly limitless. The tech- 
niques being developed at AUTONETICS today will have the widest 
application in the industrial methods of tomorrow. 

You owe it to yourself to consider how far you can advance by 
entering this exceptionally promising field right now. Here are the 
opportunities: 


COMPUTER SPECIALISTS + COMPUTER APPLICATION ENGINEERS + 
ELECTRO-MECHANICAL DESIGNERS + ENVIRONMENTAL TEST ENGI- 
NEERS + ELECTRONIC COMPONENT EVALUATORS + INSTRUMENTATION 
ENGINEERS + FIRE CONTROL SYSTEMS ENGINEERS + FLIGHT CON- 
TROL SYSTEMS ENGINEERS + ELECTRONIC RESEARCH SPECIALISTS - 
AUTOMATIC CONTROLS ENGINEERS « ELECTRONIC ENGINEERING WRIT- 
ERS + INERTIAL INSTRUMENT DEVELOPMENT ENGINEERS + PRELIMI- 
NARY ANALYSIS AND DESIGN ENGINEERS + RELIABILITY SPECIALIST 


Write your letter today. Decide now to get the facts, so you can make the 
most of your potential. Just put your address and brief qualifications on 
paper — handwritten will be fine. Reply will be prompt, factual, confidential. 


Write: Mr. A. Brunetti, Autonetics Engineering Personnel, 
Dept. 991-11 CE, P.O. Box AN, Belifiower, California 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
Son TR OCLs MAN HAS NEVER BU 
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HANDWHEEL VALVE 
4 


Yes, Annin offers design and control 
engineers a complete line of valves for 
rugged and reliable performance “around- 

the-clock?’ Name the installation—rocket j, i 
stand, aircraft component test facility, 

chemical plant, refinery, paper mill or power 

plant —and Annin valves will exceed the 

most critical performance needs, 

with features like: 


@ Piping flexibility 

@ Pressure ratings to 10,000 PSI 

@ Body designs for gases to molten metals 
@ Temperatures from ~ 400°F to + 1600°F 


@ Interchangeable operators —Domotor, 
Cylinder or Handwheel 









THE ANNIN COMPANY 


6570 EAST TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA 
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Progress Report: 


SCHRADER AIR PRODUCTS SATISFY 
AUTOMATION’S NEED FOR SPEED 


Modern production quotas 
make speed essential 


Air has always been fast acting. Its 
speed has made it useful in holding and 
releasing work fast, in blasting away 
scrap or waste. And today’s need for 
speed is one of its most valuable fea- 
tures. In past years, the very simplicity 
of air often made industry lose sight 
of its possibilities for more compli- 
cated, essential procedures. But indus- 
trial imagination is fast catching up 
with itself. Hundreds of Schrader Air 
Products, precision-machined and ex- 
tremely versatile, have opened the way 
to almost limitless production possi- 
bilities. The need for more units in less 
time through automation has found air 
ready, willing and able. In recent years, 
the natural speed of air for performing 
necessary functions is being utilized on 
a constantly increasing scale. 


FOR EXAMPLE: 


Burner grill production 
quadrupled 


Bending metal rods for kerosene burner 
grills requires a ton of force at an oil 
burner corporation in Hartford, Con- 
necticut. Before air was adapted to the 
job, only 150 pieces per hour could be 
produced. Now, with the help of 
Schrader Air Products, 620 pieces are 
produced every sixty minutes. 

The accompanying schematic shows 
the simple arrangement of Schrader Air 
Products which the company developed 
with the help of Schrader engineers. 
The rapidity achieved in production, 
amazingly enough, is coupled with 
much greater safety and economy, two 
other features inherent in the use of air. 


po - — 
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Schematic shows use of Schrader Air Products for bending metal burner grills. 


Automation capabilities 
of Air as seen in Cylinders 


Schrader Air Cylinders deliver a push, 
or a pull—or a pull and a push—in any 
direction from almost limitless posi- 
tions. They will deliver a greater 
straight line force than that obtain- 
able in any commonly used type of 
power unit of equivalent size and 
weight. You get strength to spare and 
speed to burn. Large air ports provide 
fast starting action for rapid cycle 
work, Wide interchangeability of parts 
gives an added premium of reduced 
maintenance costs. 

A survey of your production ma- 
chinery will reveal many instances 
where an air cylinder can be used to 
save space, time and money. Many 
manufacturers of original equipment 
are now studying the advantages of ap- 
plying this low cost, universai means of 
supplying force to products of their 
own design and manufacture. They are 


FIRST NAME 
FOR 











finding that air cylinders can easily be 
utilized to eliminate costly mechanical 
movements, tiring manual labor, and 
space consuming mechanisms. 


Schrader engineering 
facilities are at your disposal 


Upon request, Schrader engineers will 
assist in planning for the most efficient 
use of air in your plant, and in selecting 
the products best suited to a given ap 
plication. Distributors are conveniently 
located to deliver Schrader Products in 
the shortest possible time. Today, these 
products are being turned out in mass 
production quantities for scores of in- 
dustries. New products are also being 
designed constantly as acceptance of 
Schrader’s know-how grows 

Write to Schrader for information. 

Address A. Schrader’s Son, Division 
of Scovill Manufacturing Company, 
Incorporated, 471 Vanderbilt Avenue, 
Brooklyn 38, N. Y. 


IN THE USE OF AIR 
INDUSTRIAL PRODUCTION AND CONTROL 































See our exhibit 


BOOTH 333 


Another Compyter FTRST’ 


+) a 


3rd International 
AUTOMATION 
Exposition 


New York, Nov. 26-30 














BUILT-IN 


TIME 
SCALE 
CHECK 


Once again Reeves leads the field with a major contribution 
to analog computation. Time Scaling has been a continued source of difficulty in analog computation 
because even the best of electronic components will introduce errors if operated beyond their frequency range 


Now for the first time, Reeves offers as a built-in feature of the REAC® “400” computer a simple, positive “Time Scale Check” 
which determines, without disturbing the problem set-up in any way, if any computer component is operating beyond its frequency 
range. The new check is extremely simple and easy to petform, and requires little additional equipment in the computer. 


“Time Scale Check” is another example of Reeves’ pioneer engineering in the analog computer field. Reeves developed the first Llectronic 
Analog Computer, and the list below gives some of the other important Reeves “‘firsts’’ since that time. Reeves is continually striving to 


improve its product and give you the very best in analog computers. Why not put this experience to work for you! 


FIRST DC computing amplifier with FIRST diode electronic multiplier circuit FIRST commercial use of cascode output FIRST diode function generator tor 
Capaciter to grid to eliminate the effect of requiring only three amplifiers with omputing amplifiers (for high power function of two of more variables 
p rf g amy gh 
grid current on integrator drift zero output for zero input putput with low quiescent drain) mnee ane ol ene un eetindinn to 
FIRST commercial chopper stabilized DC FIRST cx cial printed circuit O¢ analog computers for easy wiring 
. af FIRST commercial pre-patch system for commercial printed circut 5 
BCA end oupees (based on an analog computers. nies , omputing amplifier and testing 
invention). 

PIRST commercial use of loaded tapped FIRST Commercial wide-band, 400 cycle 
FIRST commercial AGC for use with FIRST commercial curve follower potentiometers for servo function serve multioler 
resolvers in polar mode function generator generation PIRST 6-channel recorder with automatic 

ft ca , ‘ 

FIRST commercial plotting board for FIRST absolute overload ‘ndicator system PIRST Commercial time division recording , fate 
analog computers for computing amplifiers electronic multiplier PIRST Commercial problem check system 


REMEMBER—ONLY REEVES MAKES REAC COMPUTERS! 









REEVES INSTRUMENT CORPORATION 
A Subsidiary of Dynamics Corporation of America 
209 East Gist Street, New York 28, New York 


















REAC Precision Precision SERVO 
Analog Floated RESOLVERS and MECHANICAL 
Computers GYROS PHASE SHIFTERS PARTS 
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- The Reader le Boge 


or... How ABC Helps You Run The Magazine Business 





Readers who pay for magazines are always ripe for new ideas, new informa- 
tion, new trends and new technological developments. By giving or with- 
holding their subscription money, reader-customers vote for or against 
editors and publishers. Counting these “votes” is the important job of the 
Audit Bureau of Circulations — the watchdog of the publishing industry. 





YOU CAN TELL which magazines have fully-audited paid 
circulation when you see the ABC symbol on their 
cover or contents page. This is the symbol that stands 
for the Audit Bureau of Circulations, a cooperative 
organization that sets standards of good business con 
duct for its publisher members. 


\ = iS 
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YOU'RE THE BOSS when you pay money for any maga 
zine. Your vote of confidence and your renewals of 
subscriptions are dominant in the thinking of eJitors 
and publishers. Advertisers are vitally interested, too, 
and their support he!ps earn the dollars needed to do 
a stronger, more use‘ul editorial job for you 
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McGRAW-HILL MAGAZINES 


McGRAW-HILL PUBLISHING COMPANY, INC. 
330 WEST 42nd STREET, NEW YORK 36, N. Y. 





ACCURATE FIGURES — ABOUT YOU are the heart of 
ABC’s job. ABC does a candid, unbiased, certified 
audit of all subscription figures of member magazines 

and of the subscribers’ jobs, functions, and loca 
tions. These audits help editors to tailor the contents 
of their magazine to your specific job interests. 





YOU, THE SUBSCRIBER, WIN when you buy ABC maga 
zines, for this mark is your assurance that you are 
getting a publication tailored to your needs. McGraw- 
Hill has been a charter member of ABC and has sup- 
ported its aims continuously for over 40 years. And 
ABC, in turn, is responsible in many respects for the 
high standard of business magazine publishing today 

















TAKE A GOOD LOOK... 


...At The Redesigned Valve 
Body Of The New BSéB 


sa’ @D.-ric; 


wow Streamlined flow contours provide more stable 
flow at all rated differentials and any inner 
valve position. Turbulence and cavitation 


are minimized. 
BB curate engineered inner valves give more 
exacting flow characteristics. Available in four 


types, top and bottom guided. 

New Patented all-metal float ring seal provides 
positive self-actuating closure... 
pe gets with the application 
) 


pressure. 
mW Forged clamp ring allows yoke 


orientation to any position. 
Requires only two bolts... 
eliminates annoyance of 
gasket replacements. 









Super “70” Series valve bodies are available 
in three styles...single port, double port 
and split body for use in erosive or corrosive 
fluid service where easy removability of 
valve seat is desirable. All bodies can be re- 
versed without change of parts or special 
tools. Split and bolted stem connector is 
strong, easily accessible and quickly assem- 
bled. Bolted stuffing box assembly with 
stainless steel follower includes spring-com- 
pressed Teflon as standard packing. Steel 
bodied valve dimensions are in accordance 
with ASA Standards B 16.5—1953. X 


This advertisement highlights features of the Super “70” 
Series Valve Bodies only. Another will detail features of 
the Super “70” Series Topworks. Watch for it! 





proouct 
LACK, SIVALLS & BRYSON, INC. 


Controls Division, Dept. 4-£$11 
7500 East 12th Street Kansas City 26, Missouri 
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Progressive engineering from PACE has passed 
another milestone toward the elimination of 
tedious, time-consuming manual programming 
operations, ADIOS (automatic digital input- 
output system) is the latest development from 
Electronic Associates, Inc. with characteristic 
optimum reliability, versatility and accuracy, 


ADIOS facilitates the programming and read- 

out of PACE’s precision analog computing 

equipment by making it completely automatic to: 

1. Adjust attenuators to 4-digit accuracy, 

2. Adjust diode function generator 
potentiometers. 

3. Read-out attenuator settings. 

i. Read-out the ouput voltages of all 
operational components. 





ELECTRONIC 


troblem bavowr. ..ADIOS 





5. Read-out results of both static and dynamic 
problem check. 


ADIOS is controlled either by keyboard or 
punched paper tape. Setting or read-out of compo 
nents is entirely by selection as both sequences are 
controlled by auxiliary tape. Permanent record of 
operations is provided with an electric typewriter 
and a tape punch. The digital volemeter part of 
the read-out system has a visual indicator so that 
all operations can be monitored by the operator 
Your inquiries are invited for detailed in 
formation on ADIOS, PACE computing 
systems, time-rental at our Princeton Com- 
putation Center or a visit with our skilled 
Sales Engineering Staff. Write Depart- 
ment CE-11, Electronic Associates, Inc 
Long Branch, New Jersey. 
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SETS THE I-|AICS 
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PREcision ANALOG COMPUTING £QulrPeentT 
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P/ LONG BRANCH, NEW JERSEY 


TELEPHONE LONG BRANCH 6-!I100 
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View Electronic Systems? 


In the few years since vacuum-tube techniques first invaded 
the industrial process control field, a full-fledged controversy 
has emerged. On the one hand, there are many who question 
the work being done in an atmosphere which they call “ele« 
tronic fever”, while on the other there are those vacuum-tube 
partisans who firmly dub the opposition as “old guard” 

To get a broader, calmer view of the subject, Conrron ENci 
NEERING decided to tap the opinion of a large group of users 
In June of this year a five-page questionnaire was mailed to 
5,000 engineers selected from subscribers in the flow-process 
industries. ‘To date almost 1,000 have come back. The per 
centage figures on answers, reviewed below, are based on 719 
of these returns. 

The purpose of the survey was to pin down the extent of the 
trend toward electronic control systems. Answers to specific 
questions provided valuable information about three main areas 
of interest 

>the kind and quantity of electronic units in use 

> how these compare to pneumatic units in performance, 

cost, maintenance 

P how users rate design features in electronic systems 

What can you, the user, gain from this survey? ‘Two things 
If you are “on the fence” about electronic control, the replies 
can guide you in making a decision. And if you are a new uset 
of clectronk techniques, you will want to see how your expe 
rience stacks up against the reports from across the field 

First let us consider how many of the people surveyed actually 
use or plan to use specific electronic control techniques 


Trial Full-Scale 
Type of Unit Now Using Basis Installation 
Measuring elements 97 1% 1% 93% 
Recorders 97.3 9 95 
Controllers 7.9 1 92 
Electrohydraulic actuators 53.9 20 83 
Electropneumatic actuators 79.5 15 88 
All-electric actuators 75.1 14 a9 


Note: Totals exceed 100% because some users have equipment on both a trial and 
full-scale basis. 





The figures show that the bulk of engineers answering these 


How Do the Users ~ 


Pros and cons 
of electronics 


Get ‘off 


the fence’ 
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Chapter IV, Volume I 


ADSMANSHIP HANDBOOK THE AD THAT LONGED FOR THE WHITE OPEN SPACES 














\ 
| 
} 
| 
} 
| 
Oo There was once a very tiny ad that wanted to say something to everyone. So it went to 
Times Square, but found that no one noticed it among all the neon lights and gigantic 
billboards, Being lonely and depressed, it went out to a vast desert to be by itself. There 
it discovered that everyone who passed by took notice of it. So it learned a valuable lesson 
I Impact 
MORAL: I ¢ ot (inf) Information Content 
t Scanning Time 
| 
i.e. Impact is the rate of change of Information (or, midst noisy confusion silence is Goldwyn) 
' 
In the interests of greater adsmanship, this advertising parable is provided as a public service 
Oo by the Benson-Lehner Corporation, leading manufacturer of data reduction equipment. By the way, 
we've heard a rumor we're coming out with a 40" x 40” automatic plotter that not only prints symbols 
but will print digital information on the graph as well. (And it's true!) For information, write 
"'— benson-lehmer. corporation 

11930 Olympic Boulevard, Los Angeles 64, California 

OFFICES: LOS ANGELES, BALTIMORE, KANSAS CITY, SUMMIT, N.J., WASHINGTON, D.C., LONDON, OTTAWA, PARIS 

For a permanent file of this series write to Benson-Lehner, Dept. N2, for your Adsmanship Handbook folder 
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questions already have a good deal of experience with clectronic 
control system clements of all types And that of the small 


number that answered “no” to usage, 77.4% expect to become 
‘ 
users in the next two or three years Everybody’s 
Next, what does the survey reveal about electronics vs. pneu trying it 


matics in specific pertormance factors? lhe table below ofters 
an interpretive answer to this question 


Better than Equal to Not as Good as 

Performance Factcr Pneumatic Pneumatic Pneumatic 
Component reliability 16 CY 47 9% 36. 1% 
Stability of calibration 32.9 48 8 18 7 
Measuring element (etc.) 419 47 9 10 2 
Meas. element contro! pt 19-2 531 7 8 
Speed of response (etc.) 79.3 16 5 43 
Resolution sensitivity 67 4 29 7 29 
“On line" maintenance 21 6 31.6 46 9 
“In shop” maintenance 19 3 42 2 38 5 





Naturally, the opinion averages listed in the table above 
reflect subjective interpretations of “better”, “equal”, and “not 
as good as’’—so guide your analysis of results accordingly. \lore 
concrete response was stimulated by questions on cost and 
maintenance. For example, 68.4% found electronic control 
more expensive to buy than pneumatic, 20.7% found both 
equal in cost, and 10.9% found pneumatic control instrumen 
tation more costly. With respect to installation, 43.2 di: 
covered electronic more costly than pneumatic, 29.1% found 


it less costly, and 27.7% could see no difference between th 

two. One additional thought on maintenance: 92.3%. indi 

cated that the use of clectronic control had caused no chang: How much more 
in union jurisdiction for maintenance personnel do you pay? 


Perhaps the most interesting data in the survey came in 


response to the question, “How do you rate design features in 
an electrical or electronic process control system?” ‘The answers 


are tabled below 


Un- Un- 
Design Feature Essential; Important important desirable 
All control function adjustments on 20 7% 53.8% 7 6% 17 8% 
front of panel 
Minioturized components 10.3 53.9 31.6 42 
Smaller strip chart width (below 18 18.8 31 4 48 0 
4 in.) 
Multi-element recorders 20.0 65.4 11.7 2.9 
Circular chart recorders 10.5 37 .7 36.8 149 
Valve position indicators 281 58.4 13.0 0.5 
Use of plug-in assemblies 29 8 62 7 67 0.8 
Deviation recorder in place of aa 33.0 39.6 25.2 
measured variable recorder 
Use of solid-state devices (i.e., rim 64.9 26.0 20 
transistors, diodes, etc.) 
Use of magnetic amplifier or 19.6 68.4 11.2 0.8 
ruggedized tubes 
Split major assemblies into several 32.2 62.0 44 1.9 


packages (to ease trouble-shoot- 
ing, replacement) 





Of the many interesting conclusions that undoubtedly 
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YOUR ONE BEST 
SOURCE FOR ALL 


RELAYS 


Here are only five of the more than 40 basic 
P & B relays. Each of the 40 can be modified in a 
wide variety of ways. This means there is a P & B 
relay for nearly every conceivable application. 
Custom modification of relays to exact specifica- 
tion is a P & B specialty—thus you have one 
dependable source for ALL your relay needs. 

P & B offers you: 


1. PROVEN DESIGN. Twenty-five years of 


relay experience. 


2. LOW COST. Modern engineering, produc- 
tion and testing methods keep cost down. 


3. FAST DELIVERY. Many basic relay models 


are shipped from stock. 


New Engineering Guide Catalog 
Available. Write to 


Ptter 


PRINCETON, 


bsidiary of AMERICAN 
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SM SERIES > 


(In both voltage and current actu- 
ated models.) (Sensitivity 75 M.W. 
for current actuated models.) Med- 
ium cost, light weight, hermetically 
sealed relay for light contact load 
application. Size: % diameter 
16" high (above standard 7-pin 
miniature tube socket). 

























MH SERIES 


Extremely fast acting and long life. 
3 DC models available up to 10 g— 
500 cps vibration and 30 g shock. 
Available 4 form C contacts and 
variety of mtg. arrangements. 
Maximum size 1%" x 753" x 1h," 
high. 


A upiele 


NORY COMPANY 


KA SERIES )» 


A small, low cost, highly efficient 
general purpose relay with 5 amp 
silver contacts. Can be insulated to 
meet UL requirements. Size: 1\\," 
x 1%" x 1%". Mounting: One 
No. 6/32 stud and locating tab. 





d 
















4 KRP SERIES 


Versatile, multi-contact arrange- 
ments. Enclosed in polystyrene dust 
cover. Contacts: rated 5 amperes. 
Dimensions: 1'%)'' x I'%)" x ' 
high (above standard 8 or 11 pin 
octal style socket.) Weight: 3 oz. 


4 PR SERIES 


Heavy duty relay with screw ter- 


minal for all industrial control 
applications. All AC models can 
carry UL label. Size: 2'4"' wide x 
3%" long x 2%, Mounting: Two 
holes \,'' dia. on 1% centers 
Contacts: Capacity, 15 amperes 
single break and 20 amps double 
break. 
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can be drawn from the figures in the last table, these seem 
to stand out as the most intriguing 

> the trend is to strip charts—and of full width 

> interest in service and maintenance features is high 

> interest in solid-state devices and magnetics is growing 

> need for valve position information is widespread 

I'he survey was not only concerned with the use, perform 


Trends 
show up 


ance, and design aspects of electronic control; it also requested 
specific data on the mode of signal transmission—a factor which 
many hold is the strongest argument for electronics. ‘The ques 
tionnaire asked, for example, how long signal transmission lines 
were. Users of pneumatic systems reported lengths up to | ,000 
ft, with slightly over 50% of these users running less than 100-ft 
lines. Electronic signal lines, however, ran up to 5,000 ft in 
some cases. But the vast majority of electronic users—56.1% 
were involved with lines 500 ft or less. Most respondents 
(68.2%) reported that use of field-mounted controllers or 
“boosters” had no significant effect in shortening transmission 
lines. Another interesting item: 68% indicated that they used 
both ac and de in transmitting signals—the rest were almost 
equally divided between ac and de. Peak signal voltage levels be 
low 50 volts predominated—51.8% were in this area; 7.3% use 
signals above 50 volts and the remainder employ some signals 
above and some below a 50-volt peak level 

‘To assay the contribution now being made to process control 
by automatic data-logging equipment, several questions sought 
user evaluation of this special (and newsworthy) technique 
ControOL ENGINEERING plans to print the complete report on 


Some loggings 


this phase of the questionnaire in a forthcoming issue. But as a : 
on data logging 


preview, here is a sampling of incoming information 

P only 110 out of 685 reported they now have data logging 

> 196 out of 504 are considering installations 

>the most frequently mentioned use for data logging (375 

replies) was “to provide information for process or plant 
research and analysis” 

Early in the questionnaire a “sleeper” was posed—and th 
answers to it provide a fitting end to this Pulse. The question 
Do you prefer electrical or electronic control systems, or 
pneumatic control systems, or don’t you have a_ preference? 
The answers: 33.5% prefer electronic control; 31.0% prefer 
pneumatic control; 35.5% have no preference. We'd say that 
this important topic has far from lost its power to provoke con 
troversy 


hues 
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A MESSAGE TO AMERICAN 


INDUSTRY 


FIFTH OF A SPECIAL SERIES 


THE SHORTAGE OF SCIENTISTS AND ENGINEERS: 


What Can Be Done 
About It? 


There is no easy or quick way to overcome the 
shortage of scientists and engineers that has 
become a threat to our national security and 
economic progress. The solution can come 
only through diligent efforts extending over sev- 
eral years to bring the supply of technically 
trained people into balance with our needs. 
Meanwhile, the pressure of the shortage can be re- 
lieved if industry, government and education make 
better use of the limited number of scientists and 
engineers now available 

Earlier editorials in this series have discussed the 
dimensions of the shortage of technical manpower, its 
meaning for our national security and our economic 
well-being and the causes of the shortage. This final 
editorial will survey some of the measures that can be 
tuken to overcome the shortage, Most of the proposals 
presented here have been suggested elsewhere. But 
in combination they appear to offer the best hope 
of an answer to this serious national problem. 


Soviet Methods Not For U. S. 


It is clear that no crash program, inspired by 
panic and designed indiscriminately to drive 
hordes of high school students into science and 
engineering, is suitable for the United States. 
Even if we adopted Soviet methods of channeling a 
large portion of our brightest young people into 
technical fields, it would be at least four years before 


results appeared in the volume of college graduates. 


And such an approach would do no credit to the 


American way of life. 

Any crash program, whether it involved totalitarian 
methods or simply overselling the advantages of tech- 
nical careers, would be objectionable for other rea- 
sons as well. It would jeopardize the quality of scienti- 
fic and engineering training. It would put many young 
people in fields where they have little aptitude and 
deny them to other fields for which they are better 
equipped, And, if carried too far, it might even result 
in the overcrowding that was feared prematurely a 
few years ago 
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The most important problems for the long 
run, as the preceding editorial in this series 
indicated, are in the area of education. Any real 
solution must reduce the loss of talented high school 
yvraduates who do not continue their education for 
financial reasons or because of lack of interest, Also 
it must improve the quality of high school prepara 
tion in science and mathematics and, above all. relieve 


the critical shortage of teachers 


Basic Needs in Education 


Substantial increases in salaries of teachers 
in most of the nation’s school systems are essen- 
tial if high school students are to receive ade- 
quate preparation for courses in science and 
engineering. Pay scales that have lagged behind 
rising living costs and salaries available in industry 
have placed great strain on even the most devoted 
teachers, There has been a sharp drop in the number 
of new graduates trained to teach science and math 
ematic 5, and of this smaller number many have de 
cided not to follow careers in teaching. 

Raising teachers’ salaries to more realistic levels 
must be primarily the job of local school districts, 
aided by state governments. If, in face of rapid in 
creases in school enrollments, local and state resources 
prove insufficient, then federal aid will have to be con 
sidered. Higher teachers’ salaries, however financed, 
inevitably mean higher taxes. But without appreciable 
improvement soon, the quality of our entire educa 
tional system is in danger. 

At the college level also, financial aid is needed to 
provide scholarships for promising students and to 
increase faculty salaries. (An earlier series of edi- 
torials dealt more fully with these problems, and busi- 
ness aid to higher educational institutions has been 
mounting ai a gratifying rate.) 

But no? all the educational problems related 
to the shoriage of scientists and engineers can 
be solved with money. Science and mathematics 
have steadily been de-emphasized as more youngsters 


have gone to high school for terminal education rather 











How business is helping 
to relieve the shortage of 
technical manpower 


Summary of a 
Survey by McGraw-Hill Correspondents 


Sponsoring summer study programs for high 
school teachers 

Arranging cooperative work-and-study programs 
for students 

Sponsoring college fellowships and scholarships 
In science and engineering 

Paying tuition of employees taking science and 
engineering Courses 

Keeping college faculties abreast of new develop 
ments in industry 

Hiring high school science teachers for summet 
and part-time work 

Giving old, but usable, laboratory equipment 
to hools 

Coope rating in high school science exhibits 

Sponsoring regional science fairs 

Sending speakers and training aids to schools 

Opening plants for student tours 

Analyzing jobs to relieve engineers and scientists 
of routine work 


The McGraw-Hill Department of Economics 
will be glad to hear of any other ways busi- 
ness is helping relieve the shortage. 











than for college preparation. This de-emphasis must 
be reversed, 

Techniques of instruction, furthermore, can stand 
improvement at all levels of education, Professor Eb. P. 
Northrup of the University of Chicago observes: “In 
the past fifty years... there has been a revolutionary 
change in the character of mathematics, yet not a 
trace of this change is to be found in the curricula 
of all but a handful of secondary schools throughout 
the country.” Colleges and universities may have to 
examine old fetishes about light teaching loads and 
small classes in order to make more efficient use of 
their faculties. 


What Industry Can Do 


Industry has the immediate problem of 
better utilization of available technical man- 
power and the long-range responsibility of 
helping increase our resources of trained peo- 
ple. Frantic recruiting practices and reckless 
bidding up of starting salaries—financed largely 
by government money for defense orders — are 
not the answer. There is need for earnest con- 
sideration of incentives for experienced scien- 
tists and engineers, who too often must look to 
sales or executive positions for adequate finan- 
cial recognition. 


Industry In many instances could make more efh 
cient use of engineers and scientists by shifting work 
to technicians, clerical personnel and even machines 
One company found that 15°) of the time of an en 
gineering design group was spent on routine jobs 
and that this valuable time could be saved by adding 
a technician and a clerical worker to the group 

Other potential sources of technical manpower 
could be tapped more extensively to relieve the short 
age. Very few women have entered what has been 
traditionally a man’s world, Negroes are only slowly 
gaining educational and employment opportunities 
in tee hinic al fields And many ¢ Aperience d olde ro met 


can still give useful service. 


A Good Beginning 


Much is being accomplished already in efforts to 
attract more young people into scientifie and en 
gineering careers, A summary of some of the things 
business is doing is presented above. Other notable 
contributions are being made by such organizations 
as the professional engineering and scientific societies 
(especially through their manpower commissions), 
the National Science Foundation. the National Re 
search Council, the National Education Association, 
the National Merit Scholarship Foundation and the 
Thomas Alva Edison Foundation 

Results are be vinning to app iy in rising enroll 
ments in engineering s« hools and technical institutes 
Between 1951 and last year, according to MeGraw 
Hill's annual survey of technical institutes, enroll 
ments in these schools rose from 46,000 to a record 
6,000 ngineering enrollments rose in the same 
period from 166.000 to 243.000. A rising tide of 
graduates is already being made available to Ameri 
can industry. 

This is a good beginning. But only with wider 
appreciation of the serious implications of the 
shortage of scientists and engineers and inten- 
sified efforts on the part of business, govern- 
ment and education to relieve the shortage can 
we hope to overcome this threat to our national 
security and economic well-being. 





This is one Of a series of edutorial prepare d by 
the McGraw-Hill Departme nt of Economics to 
help increase public knou le di ‘ and under 
standing of important natronwiudle deve lopme nts 
o} particular concern to the business and pro 
fessional communtily served hy oul industrial 
and technical public ations 
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the great new flat multiple-tube 
instrument line harness 


Dekoron “M’’ Ribbon 
or “P” Ribbon makes 
instrument tubing costs 
v ” plummet. That's 
Ni RIBBON because the chemical 
resistance of the 
‘P” R f B BO Ni plastic sheath even 
: outlasts expensive alloy 
——— tubing . . . because 
you get all the 
advantages of bundle 
installation in a flat, 
easy-to-handle “ribbon’”’ 
. ». because the 
perforated plastic 
“webs” between 
individual tubes enable 
tubes to be stripped 
back singly or in 
groups without tools 
and without destroying 
protective coating. 
Dekoron “M” . So tube up with 
Ribbon consists of Dekoron “M” Ribbon 
10 individual capper or or Dekoron ““P”’ Ribbon 
alia : — it’s a “pipe’’ to install. 
um tubes with vinyl AA-Seme 
plastic coating; Dekoron “P”’ 
Ribbon is 10 polyethylene “P”’ 
tubes with vinyl sheath. 
QUALITY « RESEARCH « SERVICE 


DEKORON PRODUCTS DIVISION 
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Needs Shape Markets 


Why do we take on the job of instrument development? ‘The answer lies m 
the nature of the chemical business. Highly competitive, it is profitable m a 
substantial way only for the company that gets and keeps its market by con 
stantly developing new processes for new products and by constantly impro\ 


ing its methods for making existing products. When, in the mad scramble to 


build a plant to produce a promising new product, the need is recognized for 


measurements and controls beyond the capabilities of commercially availabl 
instruments, two factors favor development by the user 
> the lack of crystal-clear specifications for the instrument 
> the lack of time to wait for the unit to be evolved outside 

When later, another need arises, to increase production and improve prod 
uct quality, two more factors appear to spur this user deve loprn nit 
> the limited market that a commercial version of the new device would face 
the competitive advantage to the user-developer of its exclusive installation 

Once the new device is deve loped and at work, however, the user frequently 
finds its competitive advantage no longer holds and makes the new product 
available through license to manufacturers. As a matter of fact, almost the 
entire array of automatic analysis equipment developed in the last ten year 
was introduced to the market in this way 

Aside from new developments to meet pecific needs, we have frequently 
found it very profitable to extend the range of measurement or improve the 
performance of commercial instruments or control devices. Our findings are 
then, almost as a matter of cours« passed back to the manufacturer for the 
benefit of other users. And because of our activity in instrument d clopment 
we are often asked to assess the potential value of new devic re cither 
being con idered for development o1 ire about to be marketed. Son iT ve 
are actually successful in persuading the manufacturer to push rely needed 
product or to spe nd its deve lopme nt money more wisel 

Cooperation by licensing designs, by passing on improvements, and by 
formal product consulting has been very rewarding, Maintai 
ened, it will continue to aid the growth of the instrument 
mect the needs that shape our field 

Victor k. 1 
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What is reliability? 


Industry in the United States is becoming more 


and more complex... we’re getting automated 


.+. computers are computing... the missiles 


are flying... the digits are digitizing... 


And the word “Reliability” takes a new and 


different meaning... what does it mean to you? 


It’s time to stop and take a look! 

Ask three of your friends how they 

: define “reliability?” You'll be sur- 

prised at the different answers you receive. And 

when you quiz them further on how much relia- 

bility is needed in a particular product... how 

they would control the design and manufacture 

of that product to obtain the amount of reliability 

they want... you'll be even more surprised by 
the variety of the answers. 

So... let’s define reliability. Let’s start off with 
a definition that is gaining the most acceptance in 
the technical field... 

The reliability of a particular component 
or system of components is the probability 
that it will do what it is supposed to do under 
operating conditions for a specified operat- 
ing time. 

Looks simple enough! 

But what hazards it presents! The first impor- 
tant challenge is that word “probability”... it 
takes you seriously into the field of data collec- 
tion and statistical analysis. Then you check into 
the phrase “do what it is supposed to do”... some- 
one must define these objectives. And, look at the 
“operating conditions”. .. pause briefly and reflect 
on the many different conditions under which 
products operate. And, finally, note the phrase 
“for a specified operating time”... does one nor- 
mally, consciously, define reliability in terms of 
time ? 

These considerations pose problems for all of 
us...the manufacturers of components, those 
who assemble components into other products, 
systems personnel, designers, industrial engi- 
neers, production workers, purchasing agents, 
quality control...and users! 


| 
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Let’s look at the word “probability” 


Picture a chain, with its successive links. Many 
of today’s systems, simple or complex, comprise 
such a chain of components. However, as we all 
know, that chain will be only as reliable as its 
weakest link. And, statistically, the over-all reli- 
ability of the chain or system is the mathematical 
product of the reliabilities of the individual links 
expressed as... 


Over-all Reliability, Ro=ri x re x r3...To 


As an example, assume a product has a chain 
of 100 components in which each component has 
a reliability of 99 per cent...which assumes that 
only one out of a hundred units of each compon- 
ent will fail. These are relatively high standards 
established by past practices. But what happens? 
Multiplying .99 by itself one hundred times 
(.99'), note that our chain of components will 
have a reliability of only 36.5 per cent! Two out 
of three of our chains would probably fail! 


As another example, let’s look at contacts in a 
multi-contact electric connector. If, for instance, 
we are to assemble connectors containing 25 simi- 
lar contacts from a 1% defective contact popula- 
tion, we can expect 22% of the connector 
assemblies to contain one or more defective con- 
tacts! See how the multiplication of probabilities 
presents a major challenge to both designer and 
manufacturer ? 


But all is not lost! There is another side of the 
picture. With proper care, analysis, and control, 
our organization at Cannon has actually achieved, 
in special “missile quality” contacts, a known level 
of only 2.85 x 10°% defective...or one defec- 
tive part in 35,000! Naturally, we don’t achieve 


—_. — >> 
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that with all our contacts ... but we do try to design and 
manufacture the utmost in reliability required for specific 
applications. 
However, to return to your problems and to go a step 
further in demonstrating “probability” of uncontrolled 
contacts . . . and the challenges it poses to you and to us... 
consider the case where we have three groups of contacts, 
each group with contacts of different sizes. Let us assume, 
also, that each group has different percentage defective pop- 
ulations and that the three groups are assembled in a 90- 
contact connector as follows: 
50 No. 16 contacts with a population reliability of .59; 
25 No. 12 contacts, reliability .60; and 15 No. 8 con- 
tacts, reliability .64. 

Then... 


Re 
(90 contact 
connector ) 


= Tyio X Tyi2 X Tye 


or, 


Re 
(90 contact 
connector) 


=(.59) (.60) (.64)—.23 


It is apparent from the above that connector contact 
populations must be maintained at extremely low values 
of percentage defective. This is of extremely vital impor- 
tance if we are to produce connector assemblies which will 
perform satisfactorily in systems utilizing series circuitry, 
where the failure of one contact pair can cause failure of 
the entire system. 

We have been talking only about a contact... just one 
of the many different materials and parts (such as contact 
pins, insulators, shells, and couplings) going into the more 
than 20,000 different connector and electrical items we 
manufacture. Think of the “product of reliabilities” rule 
in systems comprised of tens, hundreds, or thousands of 
electrical components connected by connectors such as 
ours. Regardless of whether they design, manufacture, sell, 
or use washing machines or guided missiles, everyone faces 


the same problem. That’s why we're taking some of your 
valuable time to present the important subject of relia- 
bility here. 


ra 


All of us, when we spec ify materials, parts 

or components must constantly keep in mind 

P) the (a) “probabilities; (b) what the part is 

supposed to do, (c) the operating conditions, and (d) the 
time it must operate satisfactorily. Let’s see what we can 
do to increase reliability in relation to these four factors : 
(a) Probabilities. To increase the reliability of any 
component, and thereby the system as a whole, it is nec- 
essary to think in terms of statistical distribution of im- 
portant physical properties. From field reports of failure 
and laboratory test results, we must first isolate those 
properties which most frequently cause trouble. It is then 
necessary to determine whether poor performance is due 
to lack of process control to keep the product within speci- 


Prop, 


fied tolerance limits, whether the dollar sign has entered 
into the picture too far —cutting reliability down for the 
sake of a few cents here or there —or whether 
the design itself is inadequate for an end-use 
application. In any case, the use of the sta- 
tistical approach to problem solution offers a positive 
method of obtaining known levels of reliability. 

(b) Definition of Function of Product. Each com- 
ponent and each system... both civilian and military... 
in each different field of endeavor, in each product 
produced, has different functions. None of us should “over- 
build”... nor should we “under-build!’ We should look at 
our specifications closely. 

(c) Operating Conditions, Temperature and pressure, 
humidity, corrosive atmospheres, stray electric and mag- 
netic fields, low and high frequency noise, shock and vibra- 
tion... all must be considered plus conditions prior to 
product use, 

(d) Operating Time. This varies both for different 
products and different fields of application. Have you set 
reasonable lengths of operating time for your product or 
system, from the viewpoints of both usage and economics? 


* 


We at Cannon Electric are proud of our 

historical emphasis on quality and relia- 

bility. Since our inception in 1915 we have 
consistently adhered to a design phil sophy embracing the 
highest quality and reliability in each Cannon Plug for the 
specific application for which it is to be used. // we cannot 
design to that prune iple, we don't make it! In manufacture, 
we are proud of our know-how in depth, proud of our fine 
quality control systems, proud of oul personnel and proud 
of our reliability control group. The “Cannon Credo” 
part and parcel of the everyday life of each Cannon em- 
ployee 000 posted in all offices and all departments of 
all eight Cannon plants around the world. Three of its 
sections read as follows: 

To develop an organization of exceptional people 
possessed of respect for the dignity of the individ- 
ual and imbued with the spirit of the team. 

To provide a facility with which we can produce 
to our utmost in an efficient and pleasant environ- 
ment, 

To develop and produce products of such qual- 
ity, and render such service, that we may always be 
proud of our efforts, 

+ 


Whenever you have an electric connector reliability 
problem ...in design, engineering, production or proto- 
type phases... we would welcome the opportunity of dis 


cussing it with you. 
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Cann _~ y 
3208 ‘Humboldt St.. Los Angele 


President 


California 
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Eight plants around the seven seas! 
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OSCILLATORS 


0.008 cps to 10 MC 


Hewlett-Packard, pioneer of the now-standard resistance Capacity 

or RC oscillator circuit, today offers 11 stable, wide range, RC oscillators 
covering all frequencies 0.008 cps to 10 MC, Each instrument is 

a precision, quality built equipment guaranteeing you highest stability, 
long term trouble free operation, and the convenience of compact size 
and wide frequency range. Brief specifications are given here 


for complete details see your -hp representative or write direct 





Instrument Primary Uses Frequency Range Output Price 





wie © 





hp- 200A8 Audio tests 20 cps to 40 KC 1 watt/24.5 v $130.00 
hip- ZOOCD ~"Kudle and ultrasonic tests 5 cps to 600 KC 160 mw/20 v open circuit 160.00 























tinct a 
hp- 2003 interpolation, frequency measurements 6 cps to 6 KC 100 mw/10 v 225.00 


160 mw or 10 v/600 ohms; 
20 v open circuit 





hp- 2007 Telemetry, carrier current tests 250 cps to 100 KC 350.00 





201C High quality audio tests 20 cps to 20 KC 3w/42.5¥ 250.00 








nip: 202A wz Tow frequency measurements 008 to 1200 cps 20 mw/l0¥ 465.004 


7020 Tow frequency measurements Vy cps to 50 KC i, Eee 100 mw/1l0 ¥ 365.004 
2Z05AG 














“High power tests, gain measurements 20 cps to 20 KC 5 wotts 440.004 








TOGA High quality, high accuracy audio tests 20 cps to 20 KC t 15 dom 565.004 
733A Carrler test oscillator 50 cps to 500 KC 3 w/600 ohms 475.00 
i 15 mw/3 v 490.004 














Wide range video tests “asl r 10 cps to | 0MC 























3 of 11 famous -hp- oscillators 


-hp- 200CD, 5 cps to -hp- 202A Low -hp- 650A Test Os- 
600 ke. Probably ' Frequency Func- cillator. Provides 
America's fastest sell- tion Generator. f fast, accurate tests 
ing precision audio os- Convenient, high- from 10 cps to 10 
cillator, Offers highest ly stable, multi MC. Extreme sta 
stability, constant out- purpose source of P bility; output flat 
put, year after year de- transient-free test : fs within 1 db full 
pendability. 5 ranges, voltages from range. Voltage 
frequency response + 1 0.008 cps to 1,200 range 0.00003 volts 
db, distortion less than cps. 5 bands, distortion less than 1%, pro to 3 volts. Output impedance 600 ohms. Ne 
0.5% .Compact, weighs vides sine, square or triangular waveforms zero set, no adjustment during operation 
nly 22 Ibs. 300° logarithmic dial, 60” effec 30 volts peak output, frequency response flat Output voltage attenuator elf-contained 
tive scale length, $160.00 within 0.2 db. $465.00A VTVM. $490.00A 


ARack mounted instrument available for $15.00 less 


HEWLETT-PACKARD COMPANY PLEASE SEND INFORMATION ON MODEL OSCHLATOR 


3336H Page Mill Road + Palo Alto, California, U.S.A. 
Cable “HEWPACK"’ 


Name 


Field Representatives in all principal oreas Company 


Data subject to change without notice Street 


City Zone State 


82 CONTROL ENGINEERING 





How a Systems Team Engineere 
a Plant Computer Test 


Management sets high goals for what plant control must eventually do: 
maximize profit, minimize maintenance, preserve continuity of operation, and 
increase productivity of products that meet ever-changing market specifica- 
tions. The control engineer has the challenging job of meeting these goals 
with real-time automatic systems. Will he need equipment and technology 


not available today? 


This article and its prologue, ‘Digital Computer Explores Real-Time Produc 
tion Control”, page 24, October issue of CONTROL ENGINEERING, go a 
long way toward answering the question. They demonstrate the problems 
encountered and the solutions found in engineering. Used in the solution: 

an “internal” system of standard and developed equipment for measure- 
ment and transmission of plant variables—location Niagara Falls. 

an “external” system that computes, with a general-purpose digital com- 
puter, production and yield rates from the transmitted plant variables 


location Philadelphia. 


ep display equipment—location Wilmington. 
Next: use productivity and efficiency indices in continuous plant control 


E. W. James and J. Johnston Jr., Engineering Service Div., 


E. |. du Pont de Nemours & Co., Inc. 


E. W. Yetter and M. A. Martin, Electronic Instrument Div., Burroughs Corp 


One of the most promising steps toward automati 
control for optimum 
chosen plant and business operating criteria, 1 
the adaptation of known electronic computer techni 
ques to continuous Computation of the criteria, It 
opens the way to a higher degree of process control 
through manipulating, in respons¢ 
deviations from the selected criterion, the set point 
of present-day key-variable (level, temperature, flov 
pressure, etc.) controllers to one best combination 
Going a step further, it is not difficult to visualize a 
properly programmed computer that could com 
pletely supplant existing automatic controller 

Computers can continuously solve equations in 
which all of the variables are changing with respect to 
time. For this, the equation i 
number of operations, each rOQUiring ad compute! 
program step. ‘The number of such steps | 
only by the size of the memory 
puter 


productivity, or for other 


to computed 


broken down to a 


limited 
ystem in the com 
Kach step can encompass the complete opera 
tion of multiplication ubtraction, dif 
ferentiation, integration, et Computer 


addition 
alre ich 
l'o be economically feasible, each 
measurement would have to be scanned and each con 
trol action taken so rapidly that the control loop 


Scanning 


in use can do this 


would appear to be continuously active 


systems under development are fast enough. Con 
troller action based on the examination of several 
variables, instead of just one, would be possible 
controller actions could reflect 
cither the statistical averages or trends of measured 


lurthermore, the 


variable Manipulation of the process to suit a pre 


determined schedule would be handled by a 


mathematical program rather than by ngid mechani 
Startup shutdow 


ment of the enti proc 


cal gears and cams ind readjust 
equcnce ould be pro 


grammed to meet a wide variety of special criteria 


Requirements 


Electronic computer control of mate 
will not come overnight. Its desirabilit 
but requirement uch as the foll 
detailed first 
> pecihications, 
necessary to obtain useful informatior 
P evaluation of the possibility of t 
industrial instrument: 

P what form the 
hould take 


lo get a clearer picture of the 


including the deg 


tandard 


production control information 
urements for 
computing, a team was formed to set up a long 


distance real-time system Dhe team wa composed 
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of technical, operational, and maintenance people 
from the Niagara Falls plant of the du Pont Com 
pany; computer programmers and mathematicians 
from the Burroughs Research Center; and instrument 
and communications engineers from the du Pont 
Engineering Department. ‘The data chosen to 
satisfy the purpose of the program were used to com 
pute the following information considered most 
helpful for the process operators: 

1—Total raw material transferred into the process 


2—'Total production 

3—Production rate in pounds per hour, averaged over 
each half-hour 

4—Over-all yield 

5—Yield rate averaged over each half-hour 


6—Material balance and accumulated losses around 
the complete process and in each section of the 
process 


The process 


The process chosen is typical of those in many 
chemical operations. It is small enough for the con 
duct of tests without large or complex instrumenta 
tion. As a complete chemical conversion occurs in 
the presence of a reactive agent there is considerable 
interest in the yield and material balances. 
1A is a flow diagram of the processing steps. 

Basic raw material in liquid form is injected into 
two reactor units operated in parallel. Each reactor 
has a recycle stream to facilitate the chemical reaction 
without large storage capacity. ‘There is provision 
for feeding the reactor units with either 100% pure 
raw material or reprocess material, which can vary 
between 30% and 70% purity. Pressure, temperature, 
and recycle flow rates are controlled automatically. 
Input material flow is controlled manually and the 
reacting gas input automatically to suit the required 
stoichiometric ratio. ‘The vent losses are minor and 
are relieved through pressure control valves. 

Pairs of tanks located throughout the process are 
used as surge tanks. During the test they also served 
as measuring tanks. While one was being filled the 
other of each pair was being emptied. Measurement 
of level change gave a measure of flow rates. 

Reprocess material is collected for about seven 
hours while the process is operating on new raw 
material. ‘The accumulation is then fed to the 
reactor for an hour. ‘The switching of feed from new 
raw material to reprocess material seriously handicaps 
continuous data processing during the process transit 
time of one and one-half hours. ‘This difficulty was 
partially offset by two factors: 
> The total rate of charge to the reactor during the 
reprocessing period was adjusted to make the quan 
tity equal to that fed when using new material. 
> Discontinuities were minimized by the high ratio 
of reactor recycle stream to the reactor input stream 


Engineering the system 


igure 


Figure 1B shows the instrument arrangement. ‘Ten 
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liquid level measurements were made with standard 
dip tubes and pneumatic differential pressure trans 
mitters, ‘The output signal represented a measure 
of the hydrostatic head and was, therefore, read as 
the weight of liquid above the zero line of the dip 
tube. Reactor output composition was manually set 
into the system with a pressure regulator. A solenoid 
operated valve installed in each of the eleven pneu 
matic signal lines was operated in sequence by a 
rotary selector switch driven by the synchronous 
motor of the Bristol Metameter telemetering trans 
mitter. ‘Thus each pneumatic signal was fed in turn 
to a manifold connected to the Metameter. Four 
of the signals were connected with such long lengths 
of pneumatic tubing that extra capacity in the system 
was used to repeat the transmission of these particu 
lar variables. ‘This allowed the manifold pressure to 
reach equilibrium after the switching operation; only 
the second transmission was used in computation 

The Metameter has a transmitting switch which 
closes for a fraction of its operating cycle proportional 
to the value of the input pressure. The switch keyed 
a 1,000-cps oscillator, producing a train of pulses 
that was acoustically coupled to a leased telephone 
line by a small speaker adjacent to a standard tele 
phone handset. ‘The cycle time of the Metameter 
was 15 sec per measurement; of this, 3 sec was for 
balancing, 9 sec for data transmission, and the 
remaining 3 sec for transfer to the next signal 

The equipment at the computer end of the tele 
phone link, see Figure 1C, consisted of a microphone 
which received the output from the telephone, an 
amplifier, and a standard cycle counter. Accounting 
and coding circuitry were part of the computer. 

Computed results were punched on teletype tape 
at the computer center. ‘The tape actuated a tele 
type reader and transmitter connected to a leased 
line from Philadelphia to Wilmington. As shown 
by Figure 1D, at the Wilmington receiver the in 
formation was printed on transparent cellophane 
tape and projected on a screen by a tape projector 
similar to the type used with stock market ticker tape 
\t the end of each 6-min computing cycle, a new 
length of tape displayed the current production rates, 
yields, efficiency, and losses. 


Computation—accepting data 


‘The computer was programmed to accept the input 
signal in the form of counted pulses. Every signal 
used at least 3,000 counts, except the synchronization 
signal which was always between 500 and 1,200 
counts. ‘The computer tested the successive input 
signals against these limits. As soon as a synchron 
ization signal was detected, the computer accepted 
the remaining signals as part of the same batch. 

‘To retain proper identification of each input signal 
in a batch, it was necessary that the computer accept 
only one input signal during each 15-sec trans 
mission period. Accordingly the computer was pro 
grammed to so perform the computation that about 














AF} WOUIUITT 4y oj—eryd ppepryg Oy—Se{ Caueseiyy & 105 
UWIEQ} AQ PQIOUISUD ALPMySSQOOMS UFDySAS seydsip pure ‘Surnd 
UWLOD QUI}-(EI1 “UOLSSTUISUBL) “JUIUIQUNSEOUI ayaydwiey I “Ma 


ViHd 130V1IHd <= 
“LN3WdINOS ONIGOONS ONY ONIAIZO3Y OI AV1dSI0 GNV NOISSINSNVYL SLINS3SY Qt 























Jajpiwsuds 


Buajawaja, 





jonposd pauyay 


























LNIWdINDS 
NOISSINSNVYL ONV 
INSIW3SYNSV3W gl 

















Syud) 
Buissa20sday 


—_— 














INVid ST1IV3 VUVOVIN I d3isS VI 





14 sec out of the 15 available would have elapsed 
since the beginning of the signal transmission. If the 
transmission of the signal were interrupted and 
arrived as several signals, only the first part of the 
transmission would be accepted by the computer; 
hence only one number would be wrong in the 
batch of data. Incremental changes were compared 
against previous readings before the new value was 
inserted for computation. If the new value differed 
by 10% from the previous one, it was ignored and 
the previous value substituted. Single pulses were 
ignored; the computer recognized a signal as valid 
only if it contained at least four pulses, 


Computation—calculation of output 


The cleven measured variables were enough to 
furnish material inventory change information in 
cach stage of the process. ‘Iwo different kinds of 
intermediate required 
1—cumulative flows from time zero 

to the present and knowledge of material inven 

tories at time zero and the present; 


results were 
material 


2—history of the process during the averaging time 
or just preceding the present 
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FIG. 2. Uncorrected reactor yield plotted di- 

rectly from yield data displayed in Wilmington. 
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{ours 


VIG. 3, History of computed cumula 
tive reactor yield during four-hour run. 
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Hours 


FIG. 4. Total production during run. 
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lhe instantaneous material inventori 
termined directly from the 
tank. ‘To determine the cumulative mat 


current level 


up to an instant, the incremental mat: 
since the previous computation cy le wer 
from the level changes in the various t 
added to the previous cumulative mater 
The material flows during the averaging time 
then the difference between cumulat 
flows at the instant and the 
flows at the beginning of the averaging ti 

In 20 sec the computer calculated the intermedi 


] 
cumulatl 


ate results and the other information listed under 
“Requirements”. 
play system took an additional 15 s« 

the teletype tape and 30 sec for printin, Chus the 
computer and display equipment used ¢ ec out 
of an available 105 sec in the complete 6min cycle 
his contrasts sharply with similai 


Ihe results transmi 


ynputahio 
i 

made manually on the basis of an S-hour shift a 

age and available 24 hours later 


Evaluation 


General and spot improvement 
were reported in last month's articl 

Complete calculations made by the larg il 
computer were duplicated for one run on a desk cal 
All of the final results thus computed agreed 


closely with the printed results. Hence the inter 


culator 


mediate results were assumed to be 

In a detailed analysis of one run, the reacto 
curve plotted was so irregular that it wa 
to detect an average slope. ‘The reactor 
Figure 2, although irregular, showed a 
reactor yield, decreasing with time. Later it wa 
realized that three times during the run appreciabl 
quantities of raw material had been decanted from 
the charge tank. When the values of raw material 
and of unaccounted-for losses were reduced by the 


ipo ible 
Vik ld CUTVe 


umulative 


cumulative amount of decanted raw material, th 
losses curve became relatively straight. When the 
line was displaced to the origin, the 
reactor yield was nearly constant over the test period 
see Figure 3. 

For a study of the overall system operation th 
cumulative production and the cumulative useful 
raw material were plotted against time. ‘The useful 
raw material behaved well, but as Figure 4 show 
the cumulative production curve was not smooth 
The limit of accuracy for each level measurement 
was exceeded Computations were made on quanti 
ties which should not have been associated: due to 
plant lag they did not relate 

The test proved the practicability of using inte 


umulative 


mediate-scale computers inthe control of plant oper 


tions. ‘The telemetering equipment was quit 
factory. But 
primary measuring instruments must h 
accuracy and must be applied more 


before continuous control 
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Differentiating Circuits— 
Tools for Industrial Control 


In your plant do you need to measure and control: 

Metal rod diameter during rolling? 

On-the-fly cropping of the nose and tail of rough slabs? 

Drawn tube wall thickness and eccentricity? 

The cooling of centrifugally cast pipe? 
Or automatically detect: 

Location of hot castings in the foundry? 

Incorrect roller-bearing taper? 

Thickness and concentricity of wire insulation? 

Camber and twist of strip metal? 
This article shows a basic approach that generalizes to meet such 
needs. It describes the necessary noncontacting measuring ele- 
ments. And it explains differentiating circuits that operate on the 
measured signals to provide meter indications and to actuate 
motor controls, flying shears, water sprays, screw-down controls, 
deflectors, and blowers. 





rIG. 1. RC differentiating cit 


cuit responds to rate of change 


of actual signal, a, developed in 
measuring an object or happen 


CARL A. VOSSBERG, Southeastern Electronic Laboratories ing that has the 


demarcations shown by b. Curve 


sharp physical 


c¢ is the differentiator's output 


Ihe signal produced by the measurement of an physical event represented by broken line b. Hovw 
abruptly changing physical condition or situation can wide is the signal? Apparently its width increase 
not change instantaneoush It tends to round off indefinitely as it: amplitude decrease Differentiat 
ind trail away Accordingly, it is a problem to ing the signal with the circuit show produce urve 
determine at what point in the signal to recognize c, which is the slope or rate of cha f curve a 
the change. ‘This problem can be solved rather easih Peaks in c occur when the maximum slopes of line 
by measuring the rate at which the condition j a occur Independent of the signal's amplitude, these 
hanging instead of measuring its absolute value peaks depend in time and amplituc on how fast 
Ihe device used is known as a differentiating circuit curve a is Changing. ‘The peaks can trigger flip-flop 
getting its name from the fact that it produces an to gencrate a square wave that ver carly repeats the 
output proportional to the first time derivative of the pattern of the orginal changing condition 
input signal Fortunately, its output is sharpest In Figure | the occurrence of the measured signal 
where a curve representing the ignal’s absolute value maximum slope coincides with the instant at which 
is most indefinite the physical event occur: When the measured 

Solid line a, Figure |, illustrates a signal produced signal’s maximum lope is delayed, the square wave 
by measuring, with radiation detection means, a triggered by the action of the single differentiating 
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FIG, 2. Noncontacting measurement of hot rod 
diameter. Differentiation, amplification, clipping, 
and triggering sharpen recognition of discontinuitics. 


circuit will be delayed through the same time interval 


SCANNING THE OBJECT’S IMAGE 


Physical contact is either undesirable or impossible 
in many applications that require measurement of an 
object’s linear dimension. ‘The material may be hot, 
ductile, or abrasive or the required dimension inacces 
sible. Consider, for example, measuring the diameter 
of a hot rod while it is being formed. Figure 2 shows 
the situation. Passed through a lens, the rod’s radiant 
energy forms an image on the aperture in front of 
the phototube. A rotating mirror scans the image 
along the measured dimension. An ideal measuring 
element would produce a signal with the rectangular 
wave shape indicated in Figure 2a. ‘The time interval 
during which the radiation produced by the image 
impinges on the phototube would be a function of 
the measured dimension. Accordingly, during a 
complete scanning interval, the ratio of the image 
signal interval to the complete scanning interval 
would be a measure of the object’s diameter inde 
pendent of the scanning frequency. 

Because of optical imperfections the image does 
not change abruptly at the boundaries of the rod, the 
phototube contributes distortion and lag, the radiated 
energy may not be uniform, and the aperture must 
necessarily be of finite width. All these effects cause 
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departures from the ideal wave shape to an actual 
signal something like that shown in Figure 2b. It 
has gradually sloping sides. However, the points of 
maximum slope correspond, with considerable 
accuracy, to the boundaries of the original object. 
Differentiation of the signal delivers an output shown 
by Figure 2c. <A second differentiation produces a 
signal shaped substantially as demonstrated by Figure 
2d. Note that the two successive differentiations 
result in a wave shape that crosses the time axis at 
points corresponding to the maximum slopes of signal 
b and independent of the signal’s amplitude. Signal 
wave d, applied to an amplifier-clipper stage, produces 
wave ec. A third differentiator develops signal f 
which comprises sharp pulses that trigger a flip-flop 
stage, the output of which is g, a faithful production 
of the ideal signal a. A meter indicates the average 
current of signal g and thus the image dimension. 

Since only the ratio of the rectangular wave dura 
tion to the complete scanning cycle duration 
determines the average magnitude of the current, 
changes in the scanning rate will not affect this 
magnitude. And variations in the image signal 
amplitude will not affect the measurement accuracy, 
i.c., will not alter the points of maximum slopes. 

Such a system has found wide use in measuring, 
and at a distance of 15 ft, hot steel strip up to 100 
in. wide. 

Similar principles apply to measuring the con 
centricity of an insulated conductor. Figure 3 shows 
a conductor enclosed by insulating material. It 
moves continuously along its axis, as it would when 
manufactured. X-rays directed perpendicular to the 
wire axis cast a shadow of the wire onto a fluorescent 
screen. ‘The shadow has a dense central portion 
produced by the metallic core and two outer, less 
dense, portions produced by the insulating covering 
‘The treatment of the scanned shadow’s image, similar 
to the image treatment in the rod gage, produces the 
wave shapes and pulse patterns shown by Figures 31 
through 3m. Pulses shown in Figure 3n are meas 
ures of the insulator wall thickness on one side of 
the conductor and pulses shown in Figure 30 meas 
ures of insulator wall thickness on the opposite 
side. Figure 4 is the circuit diagram of the out 
put section. Pulse patterns n and o indicate, 
again, the opposing wall thicknesses while the wave 
form at the third input to the circuit shows the 
synchronous blanking signals that remove spurious 
pulses. ‘The three meters indicate the two wall 
thicknesses and the concentricity. Outside diameter 
of the wire, or the inside diameter of the core, could 
be indicated and recorded for product quality verifica 
tion. In this case the gage would have to be cali 
brated as a comparator since the size of the image 
depends on its distance from the X-ray source 


SCANNING THE OBJECT ITSELF 


Instead of scanning, with a rotating mirror, the 
reflected or projected image of an object, the radiant 
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energy (X-rays, for instance) from the source can 
scan directly across the chords of a circular cross 
section. ‘The solid black line in Figure 5 is a plot of 
gross wall thickness across each chord of a ring. ‘The 
curve has maximum slopes at the inside and outside 
wall surfaces. Scanning with X-rays perpendicular 
to the section axis produces a cyclic sign il similar to 
the curve. By differentiating the signal, the maxi 
mum slopes can be detected and the wall thicknesses 
of opposite sides thus measured 

When the circular cross-section made up of a 
ring and a core more dense than the ring, the center 
section of the plot rises along the colored line shown 
Ihe cyve lic signal produc ed by s« Minne perp rch ular 
to the cross-section is similar to the new plot. An 
interesting application is to the measurement of the 
gap between a steel artillery shell and a copper ring 
seated about it. The use of differentiators extends 
to almost any configuration that has sharp demarca 
tions or abrupt changes in properti long the 
canned dimension 


APPLICATIONS TO PROCESS CONTROL 


One proces: control uses an infrared detector 
which responds to a change in heat radiation caused 
by the presence 6! absence of hot bar ()rainat 
ic-coupled amplifiers develop an actuating pulse that 
is a function of the rate-of-change of the radiation 
\s applications in iron foundries and steel mills mect 
severe dirt and atmospheric conditi they impose a 
need for the utmost reliability. ‘The instrument must 
operate satisfactonly without frequent len leans 
Such instruments have performed faithfully for yea 
without preventive maintenance, even though th 
ignal indicators are no longer visible under th 
iccumulation of iron dust 

In other ipplications these rate-of-change infrared 
detectors operate water spray deflector blower! 
blanking control ind the like Ihe differentiator 
make operation independent of sensitivity and 
ambient condition By proper design the sensitivity 
can be a thousand times that required for idequate 
operation, allowing a wide margin for deterioration 
of the effecting signal 

In a hot steel mill the nose and t 
the roughing stand are rounded, fork 
As the irregular sections give trouble in ubsequent 
operation they must be cut off ithe fly with a 
rotary shear. A modified form of the infrared width 
gage measures the cross-sectional width at one point 
along the strip. ‘This measurement ontinuoush 
compared with a like measurement ¢ n by a second 
canner located one foot down the st p 

P At the nose: When the magnitude of the first 
canned width approaches the magnitude of the 
econd, a command is transmitted to a computer 
which starts a timing CQUCHICE that take mto 
iccount, among other things, the velocity of the trip 


\ position transducer connected to the shear com 
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FIG. 6. System completely controls centrifugal casting ma 
chine operation by measuring transitions between the solidifi 
cation phases of casting. 


VIG. 7. Cooling curve, a 
determined by measuring the 
casting’s radiation. Second 
derivative, c, of measured ra 
diation triggers control relays. 


riGs. 8. Cooling history di 


vided into increments of tem 
perature (radiation) and time 
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pares its instantaneous position with that required by 
the computer. The difference positions the shear so 
that it correctly crops the nose when triggered by the 
preset threshold of width difference 

P At the tail: ‘The cropping signal is 
the second scanner accumulates an integrated mea 
than the first. A forked tail operates 


the trigger circuit too, causing the trigger to effec 


made when 
ured width les 


tively consider that section as a radical departure 
All measurements are in 
Water pot 
which could mask the slab and cause a 


from the nominal width 
dependent of the strip’s temperature 
cale, et 
false triggering signal, are canceled out as the system 
resets itself when the signals assume original values 

Still another variation lends itself to measuring 
the camber or twisting of the strip as it leaves the 
mill. A very interesting application of time rate-of 
change measurement occurs in the detection of solidi 
fication conditions in centrifugal casting machinery 
Figure 6 is a perspective schematic view of the casting 
machinery and its motor controls. The freshly poured 
molten iron cools initially (first phase) at a relatively 
When solidifica 


rapid rate, as shown by Figure 7a 


tion commences, there is a marked decrease in the 
cooling rate because heat is generated during the 


exothermic solidification of the iron 
In fact, the After 


olidification is complete, the temperature resumes 1t 


second phase 
radiation may actually increas¢ 
relatively rapid descent (third phase) until it reac he: 
room temperature. During the last phase there is no 
risk of deforming the casting and the machinery can 


be stopped. It is the purpose of the system to detect 


the transition points between cooling phases and to 
low or stop the machine accordingly [his avoid: 


wWNNCCE ary wear on the machinery and mcrcas¢ 
pipe production without risk of deforming pip« 
l‘igure 7b is the first derivative of 7a and 7c is the 
econd derivative Ihe two second-derivative peaks 
operate trigger circuits to slow the machinery during 
the solidification phase and to stop the entire opera 
tion when the casting enters the solid-cooling phas« 
I'he arrangement has a practical operating limitation 
When the cycle extends over a period of minute 
the long time-base of the cooling curve makes capaci 


tor-resistance differentiating networks impractical 


MECHANICAL DIFFERENTIATION 
WITH TIMERS AND RELAYS 


lo overcome the short time constants of th 


usual differentiating circuit, discrete time and tem 
perature imerements are measured as a_ practical 
means of obtaining control. signals from the cooling 
CUrVe Phe graph in Figure § illustrates the method 
Ihe time axis is divided into small but finite incre 
ments, 4 t, and the corresponding temperature incre 


ments, A T, ar Or, with fixed tempera 


ture increments, the corresponding changes in time 


measured 


intervals are determined 
\s shown 


Col ipared with an 


n igure 9, the phototube output 


idjustable balancing voltage by 














rIiG. 9. When cooling 
consumes so much time 
that capacitor-resistor dif 
ferentiating circuits are 
impractical, an electrome 
chanical differentiator 
works on measured inter 
vals of temperature or 
time to trigger control re 
lays at cooling-curve transi 
tion points. 
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FIG. 10. Differentiated signals can discriminate be t 
tween bearings with correct, c, and incorrect, b, tapers 
means of a chopper-conve rter. A cyclical timer pen board” of light (igure 1|0a ; os of 
odically closes a circuit which completes a servo loop desired taper. Figure 10b shows tl for a i! 
ind the servo motor drives the idju table reference ing whose tape r does not match ti f the heht 
voltage to balance the phototub output During the beam Because only one co t this bear 
first phase of the temperature run-down curve the e1 blocks the light beam, the photot tout and it 
ror signal is sufhcient to actuate the trigger circuit differentiated signal will be a \ bearny 
each time before the timer can time out. Operation with the correct taper cuts the it all poimt 
of the trigger or timer resets the svstem to balance imultaneously, causing the light to terminate 
However, upon reaching the plateau of the cooling ibruptly when the bearing passe t of the beam 
curve, the signal is insufficient to fire the trigger Figure 10c shows that the corres; ig different 
and contact ¢ 4 close to ow the isting machin ited ignal hits a harp pe ik, ind iT rect tapel 
ery. After the casting solidifies, the temperature again As an alternate, the width of th Herentiated 
decreas rapidly permitting the trigger to operate pulse signal can be measured | af tion of 
before a rebalance 1s made. ‘This information actuate the correctin of taper and ependent of 
the controls which stop the casting machin opt il and ensitivity nat iT hd ade 
Differentiators are feasible in contour-coincidencs cheme will not indicate which y tap 

systems kor example one may desire to check error, but it is not difficult to meet t equirement 
without contact, the taper of roller bearing I he 


Many features de DM nti 
bearings pass, at a uniform speed, through a narrov 
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What to Consider 
When You Buy EDP 


When considering the use of electronic data-processing equipment, you 


must determine whether it will save your company money in cutting clerical 


costs, and decide whether improving management decisions will be the big 
payoff. These are not easy things to find out, and more than a superficial 
examination is necessary. Logical steps are to carefully define your objec- 
tives, investigate the available equipment possibilities, and run detailed cost 
analyses of the proposed systems versus your present system. There is a ten- 
dency today to reduce the time between the first thoughts of conversion and 
the purchase of the equipment by by-passing this procedure. This approach 
may have its merit, but if you follow the detailed costing process outlined by 
author Faulkner you are sure not to suffer as many pangs of pre-installation 
apprehension and post-installation difficulties. 


CHARLES E. FAULKNER, Spiegel, Inc. 


There are many reasons for using electronic data 
processing equipment, some valid and some not 
Most important of the valid reasons is cost reduction 
potential. Progressive business organizations must 
direct their efforts toward cost reduction, and if elec 
tronic data-processing equipment will help, its us« 
should be considered, Another valid reason is the 
reduction in process time, which means better cus 
tomer service or faster action-information, both 
reflected in greater profits. ‘There is also the definite 
possibility of obtaining more timely management in 
formation in more comprehensive form, again 
reflected in more profit, this time through bette: 
disposition of the company’s facilities, reduced oper 
ating expense, better merchandising, and other such 
factors. However, it is generally better to consider 
these latter advantages as a bonus, above and beyond 
the operating cost reduction, because such collateral 
advantages have a habit of disappearing under the 
weight of negative factors, through no fault of the 
system or of themselves. 

But some units have been installed or equipment 
has been ordered for reasons less valid than these 
Publicity has been instrumental in some decisions 
Other companies have installed for experimentation 
and research against the future. While the publicity 
may look good, and research may be well-justified, 
return to the stockholder is still the ultimate con 
sideration. Installations are generally very expensive, 
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even when rented, and the costs will be apparent if 
there is little or no return. ‘The installation and 
use of electronic equipment require highly trained 
manpower and many hours; it’s possible that this 
time and talent might yield greater results elsewher« 

Thus cost reductions or other means to increase 
profits must be the criteria for adopting clectroni 
his implies a cost analysis. Al 
though this may seem obvious, the fact is that to 


data processing 


date some installations have been made with no 
costing, or unrealistic costing, the result being a rude 
awakening when the equipment was put into 
operation 

Following the preliminary survey of the feasibility 
of an electronic system by an internal engineering 
staff or committee, or by a consulting group, a team 
should be set up to completely study, analyze, and 
recommend the action to be taken. Every effort 
should be made to avoid the pitfalls that others 
have encountered, some of which are listed in 
l'able | 

\ completely objective cost analysis must be 
predicated on three bases: 

> complete delineation of objectives 

> thorough investigation of equipment availabilities 

© detailed operations analysis 


The system objectives 


Clear statement of the system objectives involves 
studying and determining the desirable ends, ascer 














TABLE | 
WATCH OUT FOR THESE PITFALLS 


Don't let the magic of electronic 

data processing “steamroll” a decision. 

Electronic data processing has been pictured in very glowing 
terms. The urge to be first, in front of competition, can over- 
ride the usual studies that would point out the borderline 
cost advantage that may actually be the case. 


Don’t let publicity interests influence a decision. 


Installations for publicity purposes may also lead to rude 
awakenings, since flamboyant moves accompanying installa- 
tion often burn bridges with very embarrassing or business- 
losing after-effects. Further, the publicity value is soon nil. 


Don’t use “arm-chair engineering” to save time. 


Improper equipment estimates may result in increased space 
requirements. The need for a special floor, to say nothing of 
channeling in existing steel-reinforced floors, tile and plaster 
walls to the ceiling, a large-air-conditioning system, and 
other incidentals may also be overlooked. A few more people 
than estimated may be needed-to punch cards, hustle tapes, 
or maintain equipment. And early accuracy reports may in- 
dicate that an expensive, and unanticipated, balancing opera- 
tion is necessary to validate input media. So, the plumber 
is called back, new rooms are built, and the payroll soars. 


Don't select equipment hastily. 


ill-suited equipment, procured through inadequate investiga- 
tion, can result in early supplementation, premature replace- 
ment, or expensive backtracking. Insufficient coverage in the 
original installation will result in the call for more equipment 
to protect the investment incurred in alterations, engineer- 
ing, and programming. Much equipment has been bought 
from the drawing board instead of the shelf. It is untried, 
and precious time after delivery is spent on debugging, 
modification, and head scratching. With proper investigation 
and costing techniques much of this can be avoided. 


Don’t be led by “opportunity” savings. 


“Opportunity” savings are those obtained by comparing the 
cost under an improved process that provides additional re- 
sults against the cost of obtaining these same results by 
using old methods. This is not valid, since the old methods 
would never have been used to obtain these results. 


Don't base savings calculations on man-hours only. 


A favorite criterion in discussing electronic data processing 
is the number of people or man-hours that an installation 
saves. However, even in its most conservative form the “how 
many people’ method is faulty, since it overlooks many im- 
portant cost factors on both sides. Prime among these is the 
subsidiary capital investment factor, usually very large in 
terms of dollars. The cost of air-conditioned rooms, special 
typewriters, bursting devices, and other such items is 
ignored. On a five year (or less) amortization basis, these can 
represent an appreciable annual expense. Subsidiary operat- 
ing expense, from more expensive media and other factors, 
is often overlooked or assumed to balance out, with sad 
realization when the invoices begin to come in or the main- 
tenance labor account doubles overnight. 
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NIG. 1. Purchase orders and receipts in 
1 conventional inventory control system 


Primary Secondary Secondary 


ystern ter 


FIG. 2. This system functions the same as 
that shown in Figure 1, but uses tabulating 


cards as the system-perpetuating medium 
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TABLE |! 
COMPARISON OF PROCESS TIMES 


MANUAL METHOD 


TABULATING METHOD 





Totaling of tally strokes 

at rate of pa strokes per 
employee hour—work dis- 
tributed to 5 clerks. lhe 


Sort last 4,000 cards on 
6 digits— 0.8 hr 
Collate 4,000 cards with 
revious 16,000 cards 
abulate 


Total process time ..... lh. 


Minimum process time on 
first units totaled ....0.lhr..... 


TABLE 11) 
COMPARISON FACTORS FOR 
DATA-PROCESSING EQUIPMENT 


Internal memory capacity 

Access time to internal memory 

External memory capacity 

Access time to external memory 

Forms of external memory 

“Commands” available (functions that computer and 
allied equipment can perform) 

Available input forms 

Available output forms 

Output printing speed 

Effective productive computer time 

Maintenance requirements 

Space requirements 

Air-conditioning requirements 

Operating personnel requirements 

Number of units in the field and operating successfully 


taining and fixing the perimeters, and planning the 
output and its use. Generally, electronic data 
processing equipment is weighed for a_ particular 
operation, with the emphasis on the advantage that 
will accrue in one particular phase. For example, 
if applied to an inventory control system the inten 
tion will be savings in posting operations. Similarly, 
an insurance application will have the premium 
notice phase as its central consideration. However, 
these particular functions are only the high points 
in highly complex schemes of operations; comple 
mentary operations often involve many times the 
cost. ‘Thus, a review is needed to determine 


1. THE OUTPUTS—whether they are primary or 
secondary, single-use or system-perpetuating, and 
their form and medium. ‘Thus, the outputs for each 
area of operation must be classified to determine the 
required equipment, media, and method. For 
example, Figure | shows how purchase orders and 
receipts enter into an inventory control system. 
Note that the  system-perpetuating documents 
proceed to points of manual transcription and then 
become dead. By using a system that produces cards 
or common language tapes, one document can be 
used repeatedly as the system-perpetuating medium, 
reducing manual transcription to a minimum. This 
is shown in Figure 2. ‘These diagrams are over 
simplified to show the document and manual tran 
scription reductions that are evident in a very small 
sphere of operation. And with an increase in the 
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scope of the operation, whether it 1 
trol, insurance, utility billing, or an 


data processing these economies becom 


PHE INPUTS 


similar manner, with a view toward automa 


which must be cla 
ling (for operating economy) and minimun 
introduction of data (for accurac' I} 
the secondary output of the purchas 
operation is the input for the receiving 
paration This leads to operating econor 

of already prepared basic data) and accura 

| 1! 


quantity received—entered manual 


3. THE MEMORIES OR DATA STORAGI 
DEVICES 
urveved in the light of then purpose, form ost 
and usability All clerical ten 


consist of many memories oO! data torage device 


one variable 


required by the system. ‘These must | 


of maintenance, 
although the minor memories are often overshadowed 
by the major and receive little consideration And 


many times, the 
problems, incur more cost, and are more difficult to 


THAINOT MCmorie pos mor 


integrate than the major memory I xample, a 
stock control system uses a straightforward major 
memory, consisting of stock on hand and the recor 
of recent in and out transactions, with maim rc] 
keeping units. Now say usage forecasting is desired 
in the system. ‘The complexity of the riable 
required in the forecasting-data memory may so 
seriously tax the internal memory of thi 
that the program will not be executed. In addition 
the expense of maintaining the forecasting-data 
memory may be high enough to be prohibitive 

\fter preliminary investigations, perimetes 
be fixed to eliminate the tendency to flounde: 
with the low-return phases and to perm 
ahead in the maximum profit direction 
similar to freezing specifications on a produ 
model, although the engineers may still 
improve the prototype 


omput I 


I'hus the general are 

lend themselves to electronics must be establish 
carly and fairly accurate savings forecasts must be 
made. In the case of the forecasting-data memon 
outlined above, the perimeter would be established 
around the stock control function, excludi the 
forecasting function, other factors being equal 

Strict attention must be given to the limitatior 

imposed under electronic data processin Man 
punched-card installations have appeared very favoi 


able from a cost standpoint but have pro 
favorable from a process time standpoint; and simil 
limitations exist, in one form or another, with el 


tronic methods. For example, take the substity 
tion of a tabulating card system for the hand-talh 
method in recording 20,000 sales distributed an 
1,200 stockkeeping units. It is very probable that 
the tabulating system would require so much pr 
time in the summation that it would not provide the 
sales data as rapidly as the hand method. ‘Thi 


shown in ‘lable II. Again, this is an over-simplified 





FIG. 3. Detailed Process Chart 


not attempt to take advantage 
time-reduction techniques some 
tabulating methods. However 
example, unless savings are so great as to 
the proce time considerations, the usc 


method cannot be on idered 


Equipment availability 


Investigation of equipment availability has many 
It begins with determining all possible 
It has been estimated that there are from 
o 500 legitimate manufacturers of data-proces 
equipment in the United States. Even if this is 
ited, it would not be amiss to expect to be 
work with 25 to 50 manufacturers 
ject. Out of that number, the source 
to the wire may dwindle to ten or 
important to look at the equipment 
ill, becau each has something not oftered 
ther and two or more may produce a 

ition that will fit mght into the picture 
\ careful study of the equipment is necessary 
While comparison criteria depend on each particular 
ipplication, there are several general factors that can 
ked to evaluate the extent to which several 
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Dept Activity Description of Equipment 








212 Media Prep| Electronic Typewriter 
Type Conversion 


#1250 Multilitns 

Rocks 

| Equipment Room 12,000. 

Air Conditioning 5,200. 

Tape Storoge Files 405. 
Maintenance Equipment 2,750 





Computing 
Center 











4. Itemized listing and costs of required subsidiary equipment 


TABLE iv 
COST OF COMPUTING CENTER PERSONNEL 


Cost Per Year 
Capacity Shift #1 Shift #2 Shift #3 


Manager $7,200 
Shift Supervisor 6,000 6,000 
Computer Operator 4,800 4,800 
Printing Machine 

Operator 4,200 
Tape Librarian 3,600 3,600 
Maintenance-Operating 4,800 4,800 

Preventive 
Programmer 4,200 


Totals $30,600 $23,400 
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manufacturers meet specifications. Some of these 
are listed in ‘Table III. Each of these factors, and 
others besides, has a bearing on cost, and all must 
be thoroughly analyzed and interpreted in dollars 
and cents to verify a manufacturer's claims. 

Two of these factors are accuracy and reliability 
No general rules can be written on this subject, since 
the requirements vary from application to applica 
tion. Definite differences in the construction and 
self-checking facilities of the various computers 
provide varying margins of error expectancy. Need 
less to say, the narrower the error margin, the 
greater the investment. ‘The requirement for 99.9 
percent accuracy as opposed to 99.5 percent accuracy 
must be weighed against the additional investment. 

At the same time that the available equipment is 
being surveyed, the project specifications should be 
prepared and submitted to the likeliest manufac 
turers. This should be followed by orientation visits 
by the manufacturers’ engineering representatives. 
This orientation, usually conducted by application 
or electronics engineers, could develop into a com 
plete applications study. 

In the interim, an analysis of present operations, 
flow process charts, process time schedules, media, 
volume records, production, overhead factors, and 
all other items that affect cost should be completed 
by the purchaser's staff for a complete comparison 

The various proposals should be evaluated with 
respect to 

P proposed equipment 

© proposed processes 
This evaluation must include adaptability to the 
present methods and facilities. The “tail wagging 
the dog” character of a proposal can very well rule 
it out immediately, or at least result in suggestion for 
revision. Adaptability to operations flow is another 
basic requirement. ‘The entire operating structure of 
an Organization need not and should not require 
complete change to obtain the anticipated savings 
In some instances, appreciable changes may be 
required, but the savings must be consistent with the 
expense of these changes. 

The most important consideration is: does the 
proposal fulfill the objectives? Each output must 
conform to the desired data product and must be 


obtained within the required process time, while 
equipment cost must fit somewhere in the range 
that preliminary studies indicated was reasonable 


Operations analysis 


After the preliminary studies have shaken out 
the unreasonable proposals, complete process flow 
charts should be developed for the systems outlined 
in the remaining proposals. To be effective, the 
process charts must be detailed enough to reveal 
every element of process cost. ‘The typical chart 
shown in Figure 3 indicates required personnel time, 
equipment, supplies, and media. From such a chart, 
pertinent data can be developed as follows 


|. PERSONNEL REQUIREMENTS—First de 
termine anticipated operations, personnel, and the 
hourly rates involved in the proposed systems. ‘his 
should include all supervisory and other indirect 
labor factors. Actually, the time values shown in 
Figure 3 would not be translated directly into costs, 
since the operation portrayed is only one of many 
that would be processed through a computing center 
in a week’s time. The final personnel costs might 
be broken down like those in Table IV. Needless 
to say, this table is hypothetical. 


2. REQUIRED SUBSIDIARY EQUIPMENT 
his refers to equipment that must be purchased 
or rented to facilitate operation, feed the data-proces 
sing equipment, and provide proper maintenance 
For example, card processing may continue to be 
intrinsic to the system, thereby requiring the rental 
of card punches, sorters, etc., from a tabulating equip 
ment manufacturer. ‘I’his also applies to typewriters, 
paper-tape actuated devices, etc. Figure 4 itemizes 
this equipment (exclusive of rented tabulating equip 
ment) for a typical proposal. 


3. REVAMPING PHYSICAL FACILITIES 
Ihe reconstruction and installation necessary to 
house the equipment, provide for proper work flow, 
etc., can be heavy. Specially constructed rooms, plat- 
forms, and acoustical ceilings are often only the 
beginning electrical 
axiomatic 


Ixtensive provisions, with 


stand-by power, ar Most computers 


require external air conditioning, although some 


tase Vv PROCESS TIME TABLE 


Equipment 


es — 


COMPUTER 


“PRINTER #1 
PRINTER #2 
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COST SUMMARY RECORD 


PROPOSAL SPECIFICS 
COMPUTER EQPMT. MFR. | eek MEDIA BASIC METHOD 
ab Cards |(] Pre-Shipment Billing 
ener eeye Computer SO Ipperer (HJ Post Shipment Billing 
U 


L 
DEPT ACTIVITY costs 


Sales Media 4 
Soles Card T 

Card Printi 
Master Pre- 











Reserve 
Tub File 
Edit FIG, 6. Complete cost sum 


mary record for one proposal. 


General 

T 

Receiv 

Return Goods Detoil Cards ||N37A2A 


SAVINGS SUMMARY PROPOSAL: HALEY-BOYD +1 


Item Present System Proposed System 


Labor $3,169,300 $2,651,300 
Supplies 93,700 163,700 
Renfals 300 76,800 


TOTAL COSTS $3,263,300 $2,891,800 
SAVINGS 371,500 


Personnel Expense Reduction 

@ 4% of Labor Savings 20,700 
Social Security Tax Reduction @ 1.8% 9,300 
Outside Services Eliminated 33,000 


TOTAL ESTIMATED ANNUAL SAVINGS 434,500 FIG. 7. A final savings sum 

mary, comparing the costs 

5 YEAR SAVINGS 2,172,500 of the present system with 

Prime Equipment 400,000 the costs of one proposed 
Auxiliary Equipment and Building Alterations 75,000 system. 


TOTAL 475,000 


Equipment Maintenance Costs—5 years 100,000 
Engineering and Conversion Costs 150,000 


TOTAL EQUIPMENT AND INSTALLATION COSTS 725,000 
NET SAVINGS—5 YEARS 1,447,500 
AVERAGE ANNUAL SAVINGS BEFORE FED. TAX 289,500 
RETURN ON CAPITAL INVESTMENT—ANNUAL 61% 
AVERAGE ANNUAL SAVINGS AFTER FED. TAX OF $30,000 283,500 
RETURN ON CAPITAL INVESTMENT 56% 
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required, it should be itemized and costed on theshould be 


ame detail sheet. Particular attention must be given 
to the peak period requirements 

After the detail costs are computed and sum 
marized (on a form such as shown in Figure 6 
the operating savings can be determined by com 
paring the total annual costs of the various proposed 
ystems and equipment with the cost of the present 
vstem. Certain collateral savings can then be 
developed and added to the total annual savings 


Such things 
as reductions in social security and unemployment 


to obtain the gross operating savings 
premium payment, personnel expense (procurement, 


insurance, payroll preparation, benefits), expense of 


outside services (service bureaus, etc.), and other 


items are included in this factor. ‘This procedure | 
followed on the Savings Summary in Figure 

Then the annual cost of the capital investment 
and equipment maintenance must be deducted from 
the gross operating savings for each proposal \ 
reasonable, acceptable amortization period must be 
selected, this 
propo als 


period possibly differing between 
Generally, the amortization period may 
be shorter than that used for standard office equip 
ment because of the obsolescence and _ reliability 
factor However, 


depends on whether it is thought that the proposed 


the length of this period also 
equipment will provide returns that will obviate 
consideration of later improved equipments 

\fter selecting the amortization period, the annual 
cost of the basic and subsidiary capital investment 
Coupled to this must be the 
innual maintenance cost, determined by a service 


can be determined 


contract offered by the manufacturer or a best esti 
Main 


tenance expense will be appreciable in any system 


mate of maimtenance labor and supplie: 


and must not be ignored 

Maintenance of rented equipment is usually in 
cluded in the rental price. If the equipment is pur 
chased, the manufacturer usually quotes at about 
5 percent of the purchase price per year, including 
all costs of personnel and replacement part 
Although there is little evidence at this time, a self 
ustained maintenance department will probably cost 
from 24 to 4 percent per year 

Circumstances can decide whether engineering 
iid conversion costs should be included in the com 
putation In some instances, the entire engincer 
ing cost must be charged against the installation 
But if an engineering staff is maintained that incu 


the same expenses on comparatively minor project 


18 On a Major program of this nature, it is reasonabl 
Conversion labor cost 
should be charged when they are over and above 
normal operating costs 


to disregard this expense 


As a by product, incidental 
avings may accrue in activities that are 
the s« ope of the project 


outside 


In analyzing the cost of present operations, there 
to whether the 
mamtenance cost 


| ome qu stion as ipital equip 


ment and the incurred by it 


hould bn luded if 


being repla ed. but imeclusion 


included Lhey 
rented equipment ts 


1s questionable if owned capital equipment does not 


With these data it is possibl 
mticipated net savings and the | cntage 


command a respectable disposal price 

develop the 

return 

on the investment l'wo base 1 be used 

1. Net annual savings during an 
Net annual 


longer than amortization 


tizahon period 
savings for a mable period 

Although amortization may be achieved in “x 
vears, a major electronic installation would undoubt 
edly be operated beyond thi period As mentioned 
ilthough 


become available, it doesn't ne 


pment ma 
ly follow that 
the original equipment will be re ( ince the 
ufhoent 
idditional return to justify the lded investment 
This ha 
stances, and will continue to be t regardl ot 
the current talk that equipment bsolete 
the first unit is delivered Lheretore, in 


the annual savings for a penod lon than the amor 


previou ly improved 


improved equipment may not 
proved true im many preelectromie m 


bye fore 


ilculating 


tization period, only the 
for the 
igainst the gro wings for these | Thus, the 


miticipated mamtenance 
CXPCNs idditional vears need be assessed 
net average annual savings will be ippr iably higher 

lederal Excise 
' | 


computer TL crtamn peripheral 
j 


Ileed one other word of cautio 
l'ax rulings exe mpt 
equipment Be sure that equipment price quota 


tions specify the amount of tax that will be charged 
to vou for those items that will not be exempt 
In the final ev 


between the 


iluation the paral ( Vili’ 


everal propo il it¢ if Midjol Ci) 


ideration Ilowever, the proposa must also be 
considered in the light of several other factors that 
may or may not affect the final decision. Tirst of 
these is the group of Ollateral sa that 

cle coped but that do not 


monetary evaluation | 


pl cit | basi for 
xample better 
ervice obtained in an order-handl vstem, the 


earlier issuance of checks in ip tem, antic 
pated redu hon ot 


better 


complaint | ) ly Wmnpro ed 
other Dif 
ferent propo ils may vield differen ult ill of 


ICCUTAC' hrink ve con} 


which must be e 
to complete thie 


iluated as obj iS po ible 
inaly ] 
I hie equipni nt manufacture t also be scru 


tinized \ good reputation requisite but 


not a omple te cndorsement | t ind produ 


ential for gct tiv pro px tive 
purchaser into the user categor t the earliest rea 


tion progr irc ¢ 


sonable time Successfully opera quipment im 
the field i probabl one of the riteria, and 
other installations of the propose pment should 
be visited before making a de 

Undoubtedly, each influenced by 


factors not discussed above Ihese must be con 


ippli win 


idered yust a obrectivel t hye osting proce 
itself 1 hie ire all pa inal 
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Inspecting 


Missile Airfoils 
Automatically: 


Can Similar Techniques Solve Your Critical Inspection Problems ? 


E. L. WATKINS, Convair, Pomona 


FIG.1. COMPONENTS OF THE AERODYNAMIC SURFACE ANALYZER 






a. The airfoil positioner 
assembly. Airfoil is held in 
carriage that is servo- 
driven back and forth on 
horizontal ways. Vertical 
positioning servo simulta- 
neously moves both digital 
transducers (one on each 
side of airfoil) up and 
down on vertical ways lo- 
cated in overhead frame. 
Pneumatic cylinders drive 
transducers into contact 
with airfoil. 


b. Operator's console. 
Punched-tape input unit 
for complete system is at 

left, output printers are in. 
center, and operator con- 

trol panel is at right. Provi- 

sion is made for automatic 

operation and certain 

manval operations, such as 

slewing the horizontal and 

vertical servos and some 

printer functions. 
















c. Control cabinet. Horizontal- and vertical- 
servo power supplies and amplifiers are in 
cabinet at right, while digital and analog com- 
puting equipment and auxiliaries are at left. 
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THE GIST: Certain types of missile systems using multiple stage propulsion 
must fly without guidance during the initial flight phase. To assure optimum 
conditions in the later phases, deviation from the ballistic path must be held 
to a minimum. Since the airfoil control shafts are positioned at dead center 
by their respective servomechanisms during this initial flight, the airfoil 
aerodynamic characteristics are the major factors influencing the steering. 
Problems in airfoil manufacture have forced the use of extensive inspection 
procedures to provide a reasonable yield of satisfactory airfoils. Originally, 
inspections were manual; now they are automatic, space integration tech- 
niques determining the effective incidence and camber of control surfaces. 

There is a direct labor saving of 15:1. The manual method involved special 
tooling and used desk calculators to compute aerodynamic data in a factory 
operation. These measurements required 0.7 hour per piece, and sometimes 
two men performed redundant operations on one piece. The machine proc- 
cesses the same part in 0.1 hour or less, checks more points, improves data 
accuracy by a factor of 3, and eliminates intentional and accidental errors 
introduced by hand tabulation and calculation. Raw castings can also be 
inspected prior to machining, permitting a saving in scrapped parts. 

Control is by punched tape, using binary input commands. Measurements 
are made with optical-type binary transducers, and a hybrid digital-analog- 
digital computer is used for computing and tabulating process data. Author 
Watkins covers the complete system; the details of the digital measuring 
equipment are given in “Measure Position Digitally”, page 107. 


THE PROBLEM 


During the initial flight stage of a missile, the 
control surfaces must not 
dynamic forces that will 
a true ballistic course. ‘Thus, the movable control 
surfaces are positioned at dead center by their respec 
tive servomechanisms. But since the servo follow 
up information is obtained from the control shaft 
and not the actual airfoil position, the major factors 
influencing steering are the amounts of dihedral, 
effective incidence, and camber of the airfoils. Figure 
2 and the following, define these characteristics: 

> Dihedral is the angle of inclination of the airfoil 
with respect to a transverse line, tangent to the mis 
sile body at the point of attachment, Figure 2A 
In a missile having symmetrical surface configura 
tions, dihedral produces rolling moments under 
maneuvering with combined pitch and yaw 

> Camber is the amount of curvature in the actual 
median line of the airfoil, Figure 2B. It increases 
the hinge moment, thus increasing the load on the 
missile control servo 


contribute any aero 


cause deviation from 


Ihis is a second-order effect 
during the initial flight phase and may force the 
control surface from zero, causing the 
deviate from its prescribed cours¢ 

© Incidence is the difference between the angle of 
attack of a control surface and the angle of attack 
of the missile airframe. During the initial flight 


missile to 


phase the angle of incidence of both the fixed and 
controllable surfaces should be zero; in other word 
the angular location of the mean acrodynamic center 
of all surfaces should coincide with the median line 
\ perfect airfoil 


center should also coincide with its own median line 


of the missile body icrodynamu 
If incidence is present, however, the missile will 
deviate from its prescribed ballistic path, Figure 2 
Incidence also produces a bending moment in the 
airframe that prevents separation of an expended 
propulsion unit The maximum allowable angular 
deviation may be as low as 36 min, with an allow 
ible setting error of plus or minus 3 min 

iirfoul ona 


Know 1 


techniques of casting, forging, machining, and sheet 


The problem of producing “perfect 
mass-production basis is imsurmountabl 
metal fabrication cannot produce these devices with 
less than plus or minus 3 min of incidence hese 
ime methods also vield some twist o1 
iirfoil A reasonabl 


vield can be obtained, however, b: 


camber, and 
dihedral in any production 
determining the 
icrodynamic characteristics for sma reas of the 
urface and integrating them to obtain the 
As a result of this inte 
imperfect airfoil in be used if 


the amounts of total incidence, camber 


urfoil 
total for the whole surface 
grating tee hie . 
ind dihedral 
ire within specified tolerances 

‘To offset the effect of incidence, an inde xing pin 
located along a line passing through the force equi 
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FIG. . 2. 


AIRFOIL AERODYNAMIC CHARACTERISTICS 







Tip chord 


intermediate chord 


Root chord 


missile body 


Axis of rotation 
or hinge line 


A. Dihedral. A-A’, B-B’, and C-C’ are three mutually perpen 
dicular axes. Dihedral results from the angular deflection from 
B-B’, using A-A’ as the axis. 


Medion \ine or 
comber 





‘ Axis of rotation 








Airflow 
line 
% Ye / Ys 
a 
3 
(xX, ~Y,),(Xg~¥o 1, ( Xg— Vg),-- OK ah | ) 
Points M,, M,Mi--Me 3 7" 


B. Camber. Cross-section shows exaggerated camber on one 
chord of warped casting. X and Y are distances at points 1, 
2, 3,...m with respect to reference line D-D’. Point M, on 
median line can be computed knowing X and Y values. 


Force equicenter 


Average (weighted) error 
due to Ae 






4 
Leading edge 


C. Incidence. Force diagram shows angle of incidence of one 
chord. This can also be computed if distance from reference 
to airfoil surface for many points along chord is known. 
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center (Figure 2C), is used to position the acro 
dynamic center with respect to the missile servo 
tem or missile body 

I‘his inspection process involves determining the 


total camber and incidence for the entire surfac« 
These parameters are checked along selected chord 
lines, and each local value is weighted and al 
braically summed to obtain the total 

In the manual inspection process, data taken with 
an alligator gage are hand tabulated and later used in 
the solution of two separate equation 
solved with the aid of a desk calculator. ‘Iwo men 


inspect each airfoil to reduce the possibility of in 


vhich ar 


troducing natural or intentional error Measure 
ment accuracy is within plus or minus 0.003 in. “The 
inspection sequence is shown in Figure 3A, and 
the production yield versus the number of check 


points in Figure 3B 
airfoil is 0 
airfoils, 


he average clapsed time per 
With each missile 2 


conventional 


hour. requiring |. 


tools can support moderat 


production rates. But any large increase in produ 


I 
tion would require the following 


> duplicate tooling—as 
foils may be used on one 
different set of tools 

Pa large, specially trained labor forc« 

Pa large area to contain the 
and material handling equipment 

\ more practical solution to the production rat 


many as four t pp of all 


missile, each using a 


labor Ore too 


problem appeared to be some form of machin 
computing system An analysis of the proc 
established the following objective 

P rate increase to 10 to 12 pieces per hour 

© basic accuracy increase of 3:] 

P removal of the human clement—measurins 
and data computation to be done by automati 
programming and automatic computing 

P inherent flexibility for handling production 


changes to be provided 


THE SOLUTION 


\ development program, started in April 1955 
culminated in the design of the 
Surface Analyzer. ‘This machine, Figure |, auto 
matically measures airfoil dissymmetry at preselected 
points, feeding its data into a computer that de 
termines the local camber and incidence for the 
area represented by any one point. Each computa 
tion is tabulated by the machine, along with special 
data indicating the amount of dihedral. At the end 
of the process, the operator is presented with th 
values of dihedral, total effective 
cidence \ self-check by the indicate 
proper overall system operation. If a malfunction i 
detected, a simple monitoring procedure isolates th« 
fault in one of the major sections of the system 

The processed data are used by the operator to 
determine product quality as follows 

1. The total value is checked 


\crodyvnami 


cambe 4 and Il} 
machine 


effective camber 











FIG. 3. INSPECTING MANUALLY 


\. Manual inspection sequence showing time for each step 
Note that both operators check the important operations, such 
is steps 2, 3 and 4. If both operators do not agree on steps 
3 and 4, these are repeated. Since they are time-consuming 


errors here could substantially increase cycle time 


igainst a specified maximum for that 
of airfoil 

Lhe total 
hecked igainst a 


eptabl it 1 


| 
effective incidence factor 1 
pecified maximum value 
used to determine the location of th 
inde X11if hol Lhe angular correction for iit idence 
using the ma 
iirfoil is then 
iutomatically positioned for drilling the hole 

Six seconds ar 
tabulate, 
Norma] 


points per airfoil 


ipplicd manually by the operator 


hing internal instrumentation he 


required to locate, measure 
results for any on 
involve +) 
process take 

urfoil I hic 
seEqUCTIC( shown im Figure 4A 
Figure 4B shows the detailed 
Setup time required to chang 
o that it can in pect a difterent type 


ompute ind store the 


point machine im pechion 
o the complete 
to 6 min, ce pe nding on the size of the 
omplete machine 
while equence for 
one opel itional cvcl 


the machine 


biG. 4. INSPECTING AUTOMATICALLY 


\. Machine inspection sequence. Total time for average air 


foil is about 6 min. Most of the time is consumed in measur 


ing and computing. Only one operator is required 


B. Production yield versus number of check-points Note 
that total yield goes up as number of check-points in 
For the 


same reason, actual approaches maximum-detectable as 


creases because isolated inaccuracies average out 


operator errors average out 


airfoil is 15 min, including changing the holding 


fixture, gun dil, and program tape, a d changing 


the speed and teed of the 


| iutomat drill 


The inspection system 


machine 
mtrolled bi 


programimct 


b igure is a functional diagran t the 
tem All machine 
punched tape ind a. fixed equcn 


operation 
Ihe tape contain coded data for the location of 
my point im two plan the multipher constant 
used in computing the valu of loca umber and 
incidence printer command signals for identifying 
ertains items of tabulated data d other pecia 


commands for the internal memor nf thre computer 


1 hic mpul data in binar code CCUDS even 
eighth 


hannel ed im cro 


channels of an ecight-channel tap air 


channel vuchronizing 


B. ‘Tin sequence for one measuring and computing cycle 
This is repeated 41] times in each total machine sequence as 
shown in Figure 4A 
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Computer nd 
constants and special commands Surface be ng occumulator Tabulotor 
—<—— measured . and 
= f Me a ‘) cCurnuiotor 
T \ j f . i . 
’ L A= | 
¥ / / f , 
| <— , ' ee rIG. 5. Functional diagram of 
i 


Displacement 
transducer ~ 
i’ 









complete system, except for au 
=a tomatic incidence - correction 
, 


“ 
Vertical lead “at “ and drilling equipment. Hori 
> solocer ) 
= < SpROCOMONT zontal system drives through 


traned 
nsaucer 


precision rack, vertical system 
rollower rock 





' through precision lead screw 
f ny, 
o = Feedback 
| system ; 
| Vertical lead screw 
Horizontal positioning Horizontal lead 5 
6cre\ 3 
ser yvomechorusm crew 
Vertical positioning 


seryvomechonsm 
and feedback system 












{ 
VIG. 6. Punched-tape coding B58 S 8 58 313 88 procket 
for programming inspection 
and computing sequence. Since 
all variable data are included 
on the tape, the system can be 
adapted for a different airfoil ; mae ind 
simply by using a new tape. 8 vg 
Sa +t ++ J f——\ Ji 
r ‘ HVWn 
Jentificotior 110-8) 
ymber= 39 f ort t # 
_ 
checking the tape position with the data-sorter posi Ihe system also includes a keyboard and_ tape 
tion. ‘The tape reader will stop if an out-of-step con punch. ‘These are used to prepare new tapes or 
dition occurs, thus stopping all machine operations to reproduce worn tapes from previously cut 
igure 6 shows a typical punched-tape format masters. ‘The program tape is prepared by hand, and 
The tape reader reads data groups of 15 rows at one since production changes are infrequent, pro 
time. ‘The 14th and 15th rows are not used gramming time is insignificant 
The first two rows, each with seven channels, ial ie 
furnish the 14 binary digits that specify hori Positioning servos 
zontal position to two decimal places (note that I'wo independent servos position the airfoil and 
the decimal equivalent of the binary number must the measuring transducers. ‘They are of the two 
be multiplied by a factor of 10% to properly place speed type and have a rectilinear positioning a 
the decimal point; similar factors are used with the curacy to plus or minus 0.005 in, Linear ball-bush 
other coded numbers), ‘The third and fourth rows ings and ball-bearing lead screws are used to reduce 
furnish the 13 binary bits necessary to specify friction. ‘The horizontal ways are flame-hardened 
vertical position, while the fifth and sixth rows and and parallel within 0.001 in. When an error in 
the seventh and eighth rows carry the binary-coded position exists in either servo, interlocking control 
incidence and camber multipliers. ‘The ninth row signals are supplied to the fixed sequence pro 
identifies the point being inspected, and the 10th grammer, stopping every machine function except 
and 11th rows furnish computer commands. With the tape input and data sorter. 
this code arrangement, 16 groups of data made up of Figure 7 shows a functional block diagram of onc 
77 bits are fed into the machine at one time. the of the servo systems. The total travel in both sys 
groups ranging in size from 14 bits to only one bit tems is divided into 5.]2-in. segments. The five 
\ typical tape is about 60 in. long, fashioned in a most significant binary digits in the horizontal input 
continuous loop for repetitive operation. For long data, 2'° to 2'*, ( or the four most significant in 
operating life, 5-mil mylar film is used instead of paper vertical data, 2'® to 2'*) select the segment in which 
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the servo is to be positioned. The binary-to-decimal 
matrix and segment selector at the top of Figure 
convert the coded information into polarity sensitive 
error voltages at the output taps of the segment 
selector, delivering an error voltage to the mixer and 
power amplifier until the servo-motor has 
the follow up gears into the proper segment 
is the While a 
voltage is present, the coarse/ fine speed sclecto1 
prevents the fine servo control from operating 
When the 


takes over. 


drive Ih 
I his 
cTTor 


coarse servo control 


COaTsSC 


servo is nulled, the fine servo 
I'he remainder of the binary-coded data 
is converted to an equivalent analog voltage in the 
binary-to-analog 


COaTS¢ 


Then a conventional 
potentiometer-positioning system positions the load 
within plus or minus 0.005 in. of its commanded 
position lo 


converter. 


avoid using the follow-up poten 
tiometers near the end of their windings, two units 
(odd and even) are used in each servo. These are 
mechanically phased 180 deg and are selected by 
the 2" digit. When both the horizontal and vertical 
servos have their nulls, the servo 
null detector signals the internal programmer that 
the positioning phase is completed and the transdu 
ers can be driven in against the airfoil, starting the 
computing cycle 


been driven to 


(he horizontal carriage positioning servo has a 
total travel of 51 in., maximum velocity of 4 in./se« 
working with a 300-lb load. ‘The vertical transducer 
positioning servo has a total travel of 36 in., 
mum velocity of 2 in./sec 


maxi 
, working with a 50-Ib load 

Lead screws in both systems preclude the effects of 
load inertia in the servo transfer function. Thu: 
modest servo performance is obtained with a time 
constant on the order of 0.1 sec 


Special precau 
however are 


tions required to avoid damage to 


the equipment when running into mechanical stops 
An iexcello-type 
positioner assembly, has been modified to operate in 


iutomatic drill, enclosed in the 


gun drills are used 
for a combination drilling and reaming operation 


a vertical plane lungsten-carbide 


\ drill bushing is in each airfoil holding fixture 
Quill advancement without rotation is accom 
~ 

plished by using an external hydrauhe pump 


assembly This technique permits a floating chuck 
to accommodate the plus-o1 minus 0.005 an, position 
ing error of the carriage without damaging a high 
speed rotating drill (or its bushing) by engaging the 


drill within the bushing in a stationary condition 


The computer 


Figure 8A gives a functional block diagram of the 
computer, the general equation which it solve 
the meaning of this equation in terms of 
chordal 


and 
nm airfoil 
section 
hybrid digital-analog 
digital techniques, with all digital information con 
tamed im the Data 


are converted from digital to analog form by precision 


Computation irc. 6carned = out 


through a combination of 


form of relay contact closure 


resistor matrices associated with these relay and 
all operations involving addition, subtraction, and 
multiplication are performed by analog method 


I'he analog data are then converted back to numerical 
form for 
printers 


tabulation and accumulation by the 

Briefly, the computing system functions this way 
Binary input information from the two transducer 
is converted into analog signals in the two binary 
ind th ubtracted and 
stored in the decimal matrix. ‘The decimal 
is adjusted to the value by the internal 
closed-loop system, using a step actuator, ‘The 


controlled resistor circuit 
matrix 
propel 


Hipu 


Coarse reference 











FIG. 7. Two-speed posi 
tioning system for hori 28 


zontal drive. Vertical drive me Binory-to 
circuitry is similar except —/F ine} analog 











. converter 
that coarse servo includes 50 
only four segments. 
ie Fine reference 
Punched voltage 
tape dato 


Fine control is 
inhibited when 
coorse error i$ 
present 





Five segments 
eux To follow -up geor 


ow 2 4 verticol system 
=. “1 couples into driving 
| 













































| geor trov ’ 
i 
Let l Horizontal system 
i couples into 
mo Even J | precision rack 
| Follow-up Odd | To drive system 
assembly Fine ’ 
a nl SO fez 
KH 
— “a 
™ 
Fine ixer Power 
amplifier omplifier 
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to this closed loop is the output of the summing 
amplifier which subtracted the transducer outputs 
After the decimal matrix has been adjusted, the 
internal programmer activates the printer 
and accumulator, ‘The initial value (A, 
B,) is converted to an analog signal by means of 
the slaved servo and the decimal-controlled resistor 
network. ‘The slaved servo, which is the internal 
memory, is activated by the internal programme! 
after the printing operation is completed, start 
ing the next computing which the 
next A and B signals from the transducers are 
subtracted and stored in the decimal matrix. ‘Then 
the previous value, stored in the decimal-controlled 
resistor network, is subtracted from or added to the 
latest difference and multiplied by the proper con 
stant (k, or k,) giving the local incidence or camber 
The latest difference value is then transferred to the 
decimal-controlled resistor network, and the local 
incidence or camber value is fed into the decimal 
matrix and printed out. Polarities in the computing 
networks are controlled by signals from the punched 
tape. The computer sequence for one chord of an 
airfoil is shown in Figure 8B 

The largest value of (A — B) that the computer 
can handle is equivalent to 0.5 in.; however, the 
inputs rarely exceed 0.1 in 


correct 
stored 


cycle, in 


under normal condi 
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hIG. 8. THE COMPUTING SYSTEM 


\. Block diagram of computing system, and 
the general equation solved by this system 


B. The step-by-step computing 
quence for one chord of an airfoil 
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‘The computational accuracy required is on 
part in 500. Large accumulative errors are avoided 
in the input and memory networks, multipliers 
and analog-to-digital converter by holding individual 
errors to 0.025 percent for networks and 0.1 per 
cent for the converter. 

Since the equations of camber and incidence ar¢ 
identical in form (except for the value and sign of 


low solution 


thous 


k), the computer is time-shared to al 
of both equations. ‘The increased time, due to time 
sharing, does not presently restrict the process rate 
objectives stated earlier. 


Displacement transducers 


Ihe heads digital 
transducers using an optical encoding system and a 
pneumatic cylinder for extending and retracting the 
measuring probe. The output of the transducer 
13-bit binary number in the 
Ihe least significant bit is equivalent to 
and the total travel of the scale 
further 
these transducers, see the following article 

The author would like to thank Bill Hopper and 
Dominic Rutland for assisting in the development 
of this system. ‘They designed the circuits and 
mechanical portions of the analyzer 


measuring consist of linear 


is a form of relay 
closures. 
0.0005 in.. 


application is 2.5 in. For 


in this 
information on 
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Measure 


WALDO H. KLIEVER, Consultant” 


THE GIST: The system described in the preceding 
article (“Inspecting Missile Airfoils Automati- 
cally”, p. 100) that will 
measure within 0.0005 in. and present this posi- 


needs transducers 


tional information in binary-coded form. Con- 
ventional analog transducers are not accurate 
enough, and besides, their output would have 
to be converted to digital form before feeding 
the computer. But these requirements can be 
met by the Digamet, an optical digital position 
transducer using a binary-coded digital scale 
and a special reader. The transducer was con- 
ceived for direct position sensing on machine 
tools, inspection devices, and other equipment 
where position is the measured or controlled 
variable; however, it can be used to convert 
the output of any position-yielding primary 
transducer (such as force, pressure, accelera- 
tion, or thermal expansion) into digital form. 
The reading technique yields a unique coded 
signal for every position and permits minor im- 
perfections in the edges of the scale lines and 
relatively large tolerances on skew without 
affecting reading accuracy. The scale used in 
this system is read while standing still. Dr. 
Kliever also describes high-speed circuitry for 
reading on the fly, which might be desirable 
for continuous contouring on machine tools. 
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Surtace Analyzet 


the Convair Acrodynamu lirst 
the scale is driven into contact with the airfoil 
urface by a pneumatic cylinde: hen a unique 
binary-coded signal representing ile position 1 
obtained by reading the zone iT HICcTIC’ tarting 
it the least significant binary digit (at the bottom 
of the scale) and working up to the most significant 
heat at the top Neon lamp two for each binary 
zome ire the light source ina t itensity 3 


measured by a singk photocell ( uitry on the 


ontrol panel clects the 
deliver thie 


oper light e for each 
tput 
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binarv-cocde 
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BINARY VALUE TANCE CODE 
0000 0 0.000 0000 
QOO0 1 1 0.001 0001 
0010 2 0.002 0011 
0011 3 0.003 0010 
0100 4 0.004 0110 
0101 5 0.005 O11 
0110 6 0.006 0101 
O11 7 0.007 0100 
1000 8 16) 008 1100 
1001 ’] 0.009 1101 
1010 10 0.010 1111 
1011 11 0.011 1110 
1100 12 0.012 1010 
101 13 0.013 {O11 
110 14 0.014 1001 
1111 15 0.015 1000 
190000 16 0.016 11000 
10001 17 0.017 11001 
10010 18 6) 018 11011 
1001 1 19 0.019 11010 
10100 20 0.020 11110 
10101 21 0.021 1191 
10110 22 0.022 11101 
10111 23 0.023 11100 
11000 24 0.024 10100 
11001 25 0.025 10101 
11010 26 0.026 10111 
11011 27 0.027 10110 
11100 28 0.028 10010 
11101 29 0.029 10011 
11110 40 0.030 10001 
111911 41 0.031 10000 
100000 32 0.032 100000 

A B 


VIG. 2. BINARY SCALES FOR MEASURING POSITION 


A. Natural binary scale. Each position is unique, but more 
than one digit can change at one time, making cross-over 
equalization difficult. 


B. Gray-coded scale, Only one digit changes at a time. One 
difficulty is in manipulating this code, 


in the form of a bank of open or closed relay 
contacts. ‘The binary signal is fed directly to the 
surface-analyzer computer 

‘To perform as outlined above, the digital scale 
system must have the following characteristics 

Phigh resolution at high accuracy, including use 
of stable materials, like metal or glass 

P ability to withstand millions of passes without 
loss of legibility due to wear 

P unique output reading for each position, inde 
pendent ot previous operations 

Poutput directly in natural binary or decimal 
numbers so that mathematical operations like addi 
tion and subtraction can be easily handled 

© liberal mechanical and electrical tolerances in 
the manufacture and use of the transducer 


Digital scales 


Before going into the reading techniques and 
logic of the system used here, consider some of the 
basic problems of digital position-sensing devices. 
Assuming that the scale intervals are divided to the 
desired resolution and accuracy, it is still necessary 
to identify each division. ‘There are two basically 
different approaches to this 

For some applications it is sufficient to start at 
a known position and count the passing intervals, 
adding unit intervals for travel in one direction and 
subtracting for travel in the other direction. How 
ever, not only is it difficult to determine direction 
and make sure that counts are not lost at the turning 
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points, but power interruption or spurious counts due 
to noise also introduce cumulative error 

In contrast, individual fine divisions of a scale 
can be positively distinguished and identified by 
using additional “zones” on a scale, much as feet 
are used to identify the proper inch on a long ruler 
In an “on-off” or binary system, the additional zones 
are divided into intervals, each coarser by one binary 
order of magnitude than the 
previous zone. If the finest zone has divisions of 
0.0005 in. opaque and 0.0005 in. transparent 


intervals in the 


for an 
optically read scale) representing binary zero and one 
respectively, then 16 zones will uniquely identify 
every 0,0005-in. interval for 32.768-in 
Figure 2A shows a multiple-zone scal 
binary. Scales of this type are not new, but neither 
are they all alike. One of the principal points of 
difference concerns the exact hanges 
or cross-over of digits and the means for making 
ure that at the change from on 
the next, all of the digits chang 
I'his is referred to 
the binary scale of Figure 2A is read with a simple 


in natural 


timing of 


number to 
simultaneously 


as cross-over equalization. If 


slit and one photocell for each zone, ambiguities will 
exist at the points where several digits are supposed 
to change simultaneously his occurrence can 
introduce large reading errors at cross-over, and i 
particularly control systems that 
depend on rate information for stabilization 
Probably the best known method of preventing 
errors at cross-over depends on the use of one 


of the progressive or cyclic codes, such as the Gray 


troublesome in 





| | 





VIG. 3. Digamet scale readers. Fach zone or digit 
has two reading areas, A and B. Light intensity and 
switching program determine which side is read for 
each zone. 














code. This code bypasses the problem by shifting 
the binary zones so that only one of the digits 
changes at a time. Figure 2B shows a scale using 
the Gray code; it can be read with 
without fear of ambiguity 

lo offset this advantage, the Gray has 
several disadvantages. Cross-over of all zones, coarse 
or fine, must be as precise as the resolution required 
of the entire scale. On a high resolution scale 
this places close restrictions on the permissibl< 
amount of skew and means that each individual linc 
must be perfect 


a single slit 


( ode 


Vhe latter problem can be mini 
mized for the fine zones by using multiple slits, but 
little is gained since the coarse zones must cross over 
as accurately as the fine zones, and multiple slits 
are not practical in the coarse zones. A single slit also 
limits the amount of light transmitted 

Another disadvantage of the Gray code is that 
there is no convenient method to mathematicalls 
manipulate the code form. ‘Therefore, Gray-coded 
numbers must be converted to the natural binary o1 


tant) scale. The fine-zone readings select the 
priate reader for the successively higher-order digits 
[his method makes sure that all digit 


values at the time of reading, even when the reading 


appro 
correct 


have 


is very near a position where several digits need to 


change. These scales can be constructed in either 
linear or circular form 
Figure 3 shows an enlarged model of the reading 


plate. For each zone or digit there are two windows 
or reading areas, labeled A and B. These 
ind transparent arcas tib those of the 
bigure ZA but ir 
there are two lamp 
for the A side, one tor 
cells or the 


ired reading 


windows 
have opaque 
corresponding cale, 
differently. In the 
or photocells per zon 

the B side Kither the 
switched to obtain the cde 
method switches cells; the Convan 


phased 
ictual scale 
One 
lamps can iY 
the following 
model described 


later switches lamps 
Variations in light intensity as the ile move 
past the reading head are shown in Figure 4. ‘The 


switching circuit interprets the densities of 


decimal system before computation these areas as binary number tantancously 
representing the position of the ile lo achiev 
The Di d d ‘ this result, the sections of scal each reader 
e Digamet reader and logic 
window must be properly phased. Because it 3 
\n alternative to the progressive codes uses natural easier and more accurate to compare measurement 
binary scales with two readings per zone, on than it is to determine absolute values, the cross-over 
slightly advanced from the normal position of a point for digits on the 0 (finest) zone was chosen 
single reader and the other similarly retarded. ‘Thi is the point at which the readings of Ay and Bo are 
technique uses a special form of reading head and equal, Also, Ag and Bo are 90 deg out of phase 
a sequential switching program controlled from the The contrast is better if they are 150 deg apart 
so-called least significant (but actually most impor however, with the 90 deg phasing it is possible to 
4 ’ \ ‘ 
AX Ve 
‘ 4 
Zone PS Le A 
WA / ff Fl 
A A VA. 4 
‘ { 4 = ~~ Sonia -- - -~ _ 
“ 
= £ ><> >>>» fe DP 3D Dv >>> > 
cA Po ' 4 ‘ 
=| Zone { a ¥ 4 ¥ 
=Y ~ u Y 
FIG. 4. Variations in . e , I> > >»»> U >> rps 
light intensity for three reading pie afl. “iii 
zone scale as scale moves zone | 
past reading head. The ar 
rows on zones | and 2 i Biaiiags a r ee 
indicate which side (A or 2 &; ¥ a" s lt 
ane 3 ” i 
B) is being read. . ry 
4 
i) ry J >> >>> ><»>»>>>> >. 
e ng ‘ ~~ -~ | 





NOVEMBER 1956 


109 





interpolate to gain higher resolution than the dis 
tance between the 0-zone scale lines 
tion is covered later 
The phasing for scales 1 and higher is designed to 
provide good contrast at the points where zone 0 
calls for a switch of zone windows. ‘The phasing of 
all the zones can be better understood by referring 
to Figure 5, which shows one opening for each 
window on a greatly enlarged scale. In this figure 
S is the center line for the reader zones beyond the 
) zone and is placed on a natural binary scale at the 
0), 0, 0" position. In this position, the reader is just 
at the change from 111 to 000. Note that A, is 45 
deg to the negative side or left and By is 225 deg to 
the positive side or right 
(same as 270 deg) apart 
Zones beyond 0 are 45 deg of the particular scale 
to the right and left of the center line respectively 
This and the fact that the apertures on the reader 
for all zones beyond 0 are one-half the width of 
the corresponding scale lines result in the flat-top 
waves shown for zones | and 2 in Figure 4, so the 
readings theoretically on zones | and higher are 
always all 0 or all 1, and no readings with partial 
values need be identified 
Because of the 90 deg position of the two areas 
Ay and Bo, their intensities yield alternate high-level 
and low-level points of equality. The high-intensity 
points of equality are selected as the “significant” 
cross-over points, calling for a change of digits in 
the | zone 
The logic for the 0 zone calls for two simple 
laws 
1. If Ay is brighter than By, read 1 
If By is brighter than Ago, read 0 
2. If the 0 zone reads 1, switch 1 zone to read A, 
If the 0 zone reads 0, switch 1 zone to read B, 
Following the above logic, the 1 zone has cross 
overs at the same scale position as the 0 zone. All 
the higher-order zones have cross-overs not coincident 
with those of the next lower order 
While the selection of cell A, or cell B, of zone 
| depends on whether Ay or By is brighter, the selec 
tion of A, or By does not depend on whether A, o1 
B, was read, but only on whether the reading was 
bright or dark. In other words, it depends on whether 
the previous reading was 1 or 0. Rule 2 above applies, 
and the logic for the entire scale can now be stated 
1. For zone 0 
If Ag is brighter than By, read J 
If By is brighter than Apo, read 0 


Interpola 


making them 90 deg 


2. For any other zone 
Read A if the reading of the zone of next lower 
order is | 
Read B if the reading of the zone of next 
lower order is 0 

= 


3. For the selected cell of any zone above 0 order 
If the light intensity is bright, read 1 
If the light intensity is dark, read 0 


Bold face numbers are in binary notation 
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Figure 6 shows several typical reading position 
of the enlarged demonstrator of the scale and readet 
It is interesting to compare them with Figure 4 

As noted previously, the intensities ar theoreti 
cally such that on all the zones except the 0 order, the 


cells read only true zeros and full ones, and neve 
need to distinguish partial values. In practice, with 
a 0.0005-in. scale, a 2-mil spacing between scale and 
reading plate emulsions, and moderately parallel light 
ilue of the 


These features, together with the large 


beams, the lowest 1 is five times the 
highest O 
apertures in the higher-order scales, make the read 
Measurement 
depends on the fine scale, as it should ind the 


ings highly independent of skew 
higher-order scales are essentially countet On the 
whole, this system permits relatively large mechanical 
and electrical tolerances 


Applying the scale 


Scale materials are selected for permanance mid 
durability, and must maintain the required dimen 
sional stability despite age and changes in temperature 
It mav be desirabl 
to match the temperature coeth« ient of the ile with 
that of the workpiece rather than to take th 
approach of selecting the scale material for its low 


and other environmental factors 


ul ual 





Zero line on scale 
ine f peor symme fr y 
on reader 


Table of values (move windows to riaht 


N ZONE O N ZONE 1 N NE 
FST , 
BRIGH REA wrrcr REA . 
WINDOW 
# O A, 
] 1 A, 
j A, ‘ 
Ay 
8 f 
a ( 
A 1 
IG. 5. Expanded scale and reader with single line of win 


dows, showing phasing for the various zones. The table dem 
onstrates scale logic as the reader windows are moved to the 
right. For example, the first line shows that if B, is the bright 
est window, read 0 and switch to B,. ‘Then switch to B, and 
again read 0. Lines below apply as reader moves 



























































FIG. 6 


eader and scale 


Successive readings of model 
Light values can be 


compared with those shown in Figure 4 


tempcrature coefhcient propertc In this case, the 


workpiece and scale should be kept it ipproximately 


equal temperature ind also be clamped to the 


arriage at adjacent pomt Inaccuracies introduced 
by difference 


ients can be computed from thi 


in temperature or temperature coc ffi 
common clamping 
point, and compensation can be introduced to 
prevent errors 

\ glass scale 
must be held without strain, yet prevented from 
Reference contact 
he most difficult part of 
the mounting problem is maintaining a small constant 


such is used in the Convair svstem 
moving in its reference frame 


it the end are essential 


pace between the scale and the reading plate. Even 
collimated with lenses, the 
hould be held to within 0.002 to 0.003 
in. for a 0.0005-in. scale, or not over four to six 
Rather than 
and on the preci 


vhen the light rays are 
eparation 
times the minimum scale interval 
depend on elaborate adjustment 
ion of ways not manufactured by the scale supplier 
it is more practical to support the reading head on 
in air film. This is described later 

I'wo types of applications require different kind 
of circuit 
brought to the 
started 
utomatically, is performed while the 
ale i tanding still Here rela 


practi i] 


Stationary reading Ihe scale j 


desired po ition, and the reading 


ll. 
Hidanuall O! 


( que ice 
witching 3 


Reading while moving. Unle the motions ar 
quite low, this calls for all-electronic circuitv includ 
Reading ire ivailabl 
equentially, as required by many t pes of adding or 
ubtracting computer circuitn Or, if desired, the 


l tored flip-flop 


ing bistable clement 


reading | be either in the 
































issociated with the ile 


DICTION 


The Convair-system scales 


Ihe Acrodynamic Surface 


digit scale 


Analyze wo | 
\ pneu 


transducer mounting drive 


each with a range of 4.096 in 
matic cylinder on the 
I probe on the scale frame into contact with the 
tanding 


airfoil, Readings are made while the il 


window age 
electing lamps, and a single photocell 
reading head at the 


front of Figure 1A, which is mounted on reed hinge 


till. In this system, the zones and 
witched by 
enses light intensity Thi 
with spring pressure toward thi ile, carnes the 
reading plate ind the lamp-house with 26 miniature 
idjusted so that the reade 


and the face of the head are o-planar, and this 


lamps. It i plate surface 


plane is adjusted parallel with the scale. Air pressure 


at | psi maintain the pace between the reader 
plate and the scale ‘he scale was manufactured by 
W. & L. EF. Gurley Co 

I hree ifety device prevent contact between the 

ile and the reader Lhe mating surf ire coated 
vith | mil of protective ilicone 
0.0005 im. Ingh at the 
outside the scal 


hour pad 
orners O eader head 
rca pro ide th 
Then a spring-load 
the reader off the ale The an 
to | mil between 


0 mls between scale and 


pressure | lost 
about 
mish surface ( from 

, 


pt nnuitting 


reasonable misalignment at the ystem 
lean 

| igure ? shows the optical ten pe NI 
neon lamp and it} 


ire placed in position I I 


I ind Ly, for alternate zone Thi imp arrange 
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FIG. 7, Optical system for Convair scale. Lamp arrangement 
and segmented mirrors permit two individual light sources (for FIG. 8. Simplified block diagram of complete scale sys 
A and B sides) to be directed through each zone of scale. tem. The stepping switch controls the reading cycle. 





































ment, together with segmented mirrors that have Since the A» and By divisions on the fine readet 


alternate strips of clear glass and mirrors of evaporated cale are 90 deg of the scale cycle apart in phase, thei 
aluminum, allows individual illumination of the readings change so that when the intensities of the 
h-in.-spaced scales. On the three finest zones, lenses cell readings are plotted on a phase diagram, the 
collimate the light to produce parallel rays through points define a square as shown in Figure 9. In 
the scale and reader. This is not required on the practice the square tends to be rounded. ‘The two 
oarse scales. ‘The DuMont No, 6363 photomultiplic: readings at which the intensities of Ag and Bo ar 
with an end-viewing cathode is large enough to inter equal are the familiar switching points, one at a lower 
cept the light from all reader windows light level and the other at a higher light level 
\ simplified block diagram of the complete circuit Choosing zero at the higher light level gives the 
is shown in Figure 8. ‘The reading operation, con advantage of greater sensitivity 
trolled by the stepping switch which moves at a ‘here are several techniques for identifying the 
rate of 30 steps per second after receiving the read eight points on the diagram. ‘The vector OP can be 
command pulse, proceeds as follows measured, and if means are available for determining 
|. Lamp Ap is flashed. The output of the cell 00’, then the vector 0’P can be obtained by sub 
and its associated circuitry charges memory capacitor traction. The angle of 0’P identifies the point on 
| to a voltage depending on scale position the square 
2. Lamp By is flashed; memory capacitor 2 is 
charged Error checking 
3. Memory capacitors are connected in series. If 


Several techniques can be used so that the tran: 
| has a larger charge, a thyratron pulls in the relay "ty 


for zone 0, giving output of binary 1 and holding 
relay closed. If relay 0 is closed, lamp A, will be 
flashed in the next zone. (If By is larger, relay 0 stays 
open, the output for the first digit is 0, and B, is 
read in the next zone. ) 

4. Relay fires lamp A, or B,, depending on the 
condition of relay 0, and sets relay 1. ‘This yields 
either a 1 or 0 output and determines whether lamp 
Ae or By fires for the next zon« 


ducer system will check itself for false reading 
P parallel readings by two heads a fixed distance 
apart, and a continuous check of the difference 
> counting of fine scale lines from a known or sev 
eral known points, and adding or subtracting depend 


ing on direction to determine a position that can be 


compared automatically with the scale reading 
© periodic return to known points to make check 
readings that are compared with known value At 


least two readings are required to check all circuits, 


5. Process continues until reading is completed 
ince only about one-half the windows are used for 


one reading 

Pa parity-type check can be made by adding a scale 
whose reading is 0 or 1 depending on whether the 
total number of ones in the correct scale reading is 


Interpolating the fine scale 


This scale system can be read to a higher resolu 
tion than the width of a fine line, assuming the 
curves of A» and Boy in Figure 4 are sufficiently well 
defined so that the information is available. This 
requires a good optical system with parallel light rays 
and a scale and reader closely spaced compared to 
line widths. A subdivision of four fits the binary 
system of the rest of the scale; with 0.0005-in. fine 
divisions (0.001-in. cycle) this represents resolution l’o read a moving scale, the circuitry must be fast 
to 0.00012-in cnough so that readings of individual digits do not 


even OI odd 


Any of these devices can provide a warning 01 





jutomatic shut-down if a discrepancy is indicated 


Fast-reading circuitry 
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FIG. 9. Intensity phase diagram used in 
interpolating between fine scale divisions 


change greatly during the switching sequence. As 
an arbitrary standard, zone | must not move mor 
than 15 deg of its cycle during the time between 
establishing the comparison of Ay and By and read 
ing A, and B,. For the scale discussed above, a 1-zone 
cycle equals 0.002 in., so that 15 deg is 0.002/24 in 
With a reading of rate 48,000 pulses per second, the 
time interval from comparing A, and B, to reading 
A; and B, is 1/48,000 sec and the permissible rate 
of motion is (0.002/24)48,000 or 4 in per second 
approximately 250 in. per minute. ‘Then 16 digits 
can be read in 4 millisec and the position determined 
is the correct one for the time when the reading 
sequence was started. During the reading, the scale 
would have moved a little over 0.001 in 

I'ast electronic circuitry, such as shown in Fig 
ure 10, is necessary for reading under these condi 
tions. This system will hold (store ny previous 
reading until a reset signal is applied. ‘Then, on being 
interrogated by a reading control, it will read on 
digit at a time. The flip-flops can be any kind of 
bistable element, such as tube or transistor flip-flops 
magamps with feedback, magnetic cores or other: 
The detectors, ApBy, A,B,, etc., are assumed to in 
clude amplifiers, which might be shared if both input 
and output are switched by the reading control 

A reading sequence of Figure 10 starts with a reset 
pulse that sets all the flip-flops for zones | and highe: 
to 0. Photodetectors Ay and By, produce a voltage 
drop across the resistors to ground, and the com 
parator determines which voltage drop is larger and 
sends a voltage to the gate feeding the 1 or the 0 
ide of the first flip-flop. This voltage is only ad 
mitted when the reading control delivers the com 
mand “read zone 0”. ‘The flip-flop then applies a 
voltage at the 0-zone terminal if the 1 side is con 
ducting; it applies no voltage if the 0 side is conduct 
ing. It also biases either the gate controlling the 
output of A; or the gate controlling B,. On com 
mand to read zone 1, the biased gate permits either 
A, or B, to apply a voltage which changes the stat 
of the l-zone flip-flop to read 1 (or if no voltage 
comes from the zone read, the flip-flop is left in the 


0 state 


All-electronic system for reading a scale on the move 


This proce is repeated for the higher 


ordet ZONICS 


In the 
voltage 1 


AND gates, all input must be pre ent ifa 
to be delivered. Between the AND gate 


and the flip-flop of zones | and high lodes isolate 


the outp 
forming 
other of 
The re 
PA fix 


ternal re 


ut of one detector from that of the othe 


an OR gate that will pass either one or the 


the input voltage 
ading control may be one of the following 
ed-frequency cycler, starte i suitable ex 


ad command signal \ sell ling beam 


witching tube or a ring of flip-flops ar possibilitic 


P if all 
are made 
no input 
the gate 
tinuoush 

PT he 
tem in W 


clement 


the flip flop ifter the first in bigure |! 
monostable so that they return to 0 when 
is present, and if the interrogation Input to 
is removed, the « it v ecycle con 
if any zone Is not 

reading signals may com on mitrol si 

hich the transducer j i feedback 
or an example, consid c magnet 


tape-controlled system of Figure |! magnet 


tape upplhic number interrogate | ile for 


actual number to be omipare | | ite them 


imultaneously or equentialls t thy omputer 


required 
for the se 


FIG. 11 
tal scale 
might be 


MEASI 
I 


pr a 
Ihe difference, rate ilu ( ire stored 


rvo system to use until the next reading 


Litas ptias 


Schematic of system with magneti tape input and digi 
as positioning measuring clement. A similar system 


used to program continuous-contouring machine tools 
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BASIC DIGITAL SERIES 


Input and Output Equipment 


The form of a digital computer's input and output equipment is dictated 


by the class of problems with which the computer is expected to deal. 
A general-purpose computer is best at handling “off-line” problems, such 
as scientific or payroll calculations. Such problems require flexibility in 
the input-output equipment, but usually not extreme speed. A digital 
computer intended to operate “on-line” as part of a control system is 
generally special-purpose, and its input and output equipment, though 
inflexible, may have to be very fast. The third class of problems considered 
are those which have to do with monitoring and checking the computer. 
These impose their own special requirements on the equipment. 


MORRIS RUBINOFF, The Moore School of Electrical Engineering, U. of Pa., and 
RALPH H. BETER, Philco Corporation 


‘rom the point of view of the input 
and output equipment, digital com 
puters ma be said to deal with three 
different classes of information. The 
type of problem to be solved, which 
distinguishes the three classes, also 
determines the kind of data with which 
the input ind output equipment must 
operate 

Class I problems are those which can 
be completely specified in advance a 
far as the instruction program and the 
ilphanumeric data are concerned. Such 
problems generally consist of direct 
calculation uch as payroll determi 
nations, the generation of premium 
notice ilculations of stresses in phy 
ical structures, inversions of mathe 
matical matrices, lens system designs 
ind the like. Class I problems are 
illed “off-line 

Class I] problems are those in which 
the digital computer is only part of a 
larger system that generates or deter 
mines data for the computer during 
the system's operation. Here the com 
puter not only has the Class I initialh 


ometinm 


prepared data and instructions, but also 


iccepts (and transmits) data from (and 
to) the other equipment in the sys 
tem, under the control of its own 
stored program. Class II problems ar 
generally those of contro] or simul 
tion, such industrial machine con 
trol, military fire control, navigation 
cruise control, radar telemetering in 
real time, and the simulation of the 
responses of physical systems, as in 


| 


flight traimimg equipment. Cla II 


Table | 


CLASS | PROBLEMS 





forms of input 
manva! keyboard entries 
punched cards 

punched topes 
magnetized tapes 

plug boards 


pin boards 


forms of output 
printed sheets and strips 
punched cards 

punched tapes 
magnetized tapes 


plotted graphs 


EXAMPLES: off-line processing of information for use usin research 


statistics, engineering, and science, where all the data are »plie i advance 


CLASS Ii PROBLEMS 


forms of input 

analog quantities 
electrical 
mechanical 
temporal 
others 

digital information 


(same as Class | input) 


forms of output 
analog quantities 

electrical 

mechanical 

temporal 

others 

digital information 

printed sheets and strips 


lights, annunciators 


EXAMPLES: on-line and controlling systems such as 


industrial process control 


real-time simulation 
CLASS ill 
input equipment 
switches 
pushbuttons 


keyboords 


EXAMPLES: on-off control of the computer or its parts, stepping or 


the computer indicating the contents of specific computer registers 


the contents of specific computer 


of the computer, indicating the 


military fire contro 


navigation and cru 


PROBLEMS 
output equipment 
lights 
meters 
oscilloscopes 
audio amplifiers and speakers 


recycling 


modifying 


registers, changing the logical functioning 


general stote of the computer's circuits 
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FIG, 1. 


_problems are called “on 
line”’, 

Class III problems are those which 
anse in monitoring the progress ot 
a computation, manually testing oper 
ation, and maintaining or servicing a 
computer, Class III equipment gener 
ally consists of an operator's console 
and auxiliary apparatus furnished with 
a digital computer 

Class I information consists of alpha 
numeric data and programming in 
structions. Table I shows some of.the 
ways that input and output data can 
be stored. If the output information 
is to be used in the computer later in 
the course of the same computation, 
then magnetic tape is the preferred out 
put medium. Class I information i 
usually assembled and transferred to 
the computer in large blocks or quan 
tities in advance of the associated data 
processing, and then transferred from 
the computer in large blocks after it 
is generated by the computations. The 
flow of Class I information through a 
digital computer or data processor i 
shown by the thin solid line elements 
at the top of Figure | 

Class II input information is not 
known in advance, but is 


sometimes 


obtained 
from data generators which form part 
of the system. ‘These data generator 
ilways handle quantitative data. U 

ually this information is generated as a 
proportional magnitude (analog quan 
tity) and has to be converted into 
numeric (digital) form for the com 
puter, Class II output information is 
generally required to be in analog form, 
so digital to analog conversion is also 
needed. In some systems Class II out 
put information is used soon afterward 
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Flow of information between a digital computer and its environment. 


as input imformation ompleting i 
feedback loop through the analog por 
tions of the system. However, in other 
systems Class II input information is 
under human control because the sy 

tem loops are closed only by human 
agency; examples are a simulator used 
as a trainer, and an industrial control 
process monitored by a human op 
erator. Class II data are usually trans 
ferred into the computer at uniform 
intervals as needed, and out of the 
computer at uniform intervals as proc- 
The flow of Class II informa 


tion through 


essed 
a digital computer is 
shown by the heavy solid line element 
in Figure 1; the feedback path is shown 
in block form at the bottom 

Class III input information is in 
serted through a keyboard or a bank 
of switches on a console which forms 
a part of most digital computers. These 
devices permit the entry of many type 
of information, such as alphanumeri 
data and instructions for modifying 
the computations or for testing the 
computer's witche 
may also enable the variation of powe! 
supply voltages or the interruption of 
computation at any point, such as after 
1 group of instructions, 


operation The 


ifter a single 
instruction, or after a step within an 
instruction has been performed. Cla 
[If output information, which covers 
the contents of any selected register 
in the computer and the functioning 
of the computer’s circuit 
sented in hghts, on cathode ray tubes 
on meters, in the form of typed mes 
sages, Or even as audio signal 

I'he overall flow of information into 
and out of a computer may now be 
followed with reference to Figure ] 


hay he pr 


lass I information is recorded in ad- 
vance on Class I input equipment uch 
as tapes or cards, using a suitable key- 
board device such as a typewriter or 
accounting machine modified for this 
Che information is then trans- 
internal 
usually a 


memory his 


process 
ferred into the computer's 
medium, which 

variable 
made directly if the com- 


torag¢ 
high-speed 
transfer 1s 
puter can transfer the information fast 
enough; otherwise some external stor- 
we medium may be used as a buffer. 
In a Class I problem the data entered 
into the internal memory are processed 
in the arithmetic and logical unit 
AIL.U) in accordance with the stored 
instructions. The desired results are 
then transmitted from the memory to 
the Class I output equipment, either 
directly or through another buffer 
torage device 

In a Class II problem the instru 
tion program 1s specified in advance 
together with prepared data, such as 
onstants of the system and _ initial 
onditions for variable Before the 
start of the computation, these are 
transferred to the 
using Class I input device The Cla 
I] information, usually consisting of 
uitably digitally encoded shaft posi 


internal memory, 


tions, voltages, time intervals, and 
other analog quantities, 1 umpled and 
transferred to the ALU whenever the 
instruction program specifies. The 
processing of Class II data involve 
comparing, combining, or interchang 
ing with data stored in the computer 
internal memory. Class II output data 
is usually transferred directly to the 
ippropriate pieces of output equip- 
ment as soon as the data are read\ 
Class II output devices usually re 
generate analog quantities for use in 
the electrical or mechanical parts of 
the system with which the computer 
Ihese nondigital part 
which may consist of motors, electrical 
filter networks, a machine tool and it 


is integrated 


work piece, or a vehicle in motion 
then feed back information to data 
generators which provide new data fo 
the computer 

The Class II output data 
be transmitted to visual 
equipment, such as voltmeter! 
indicators, to inform a human 
how the 
hould participate 
werall behavior of the syst 

lable | 
vhich input and output infor 
xist for the three classes of pr 
[he remainder of this article d 
in detail the manner in whi 
information is handled and how it 
flows into and out of a digital 
ter. The three classes of problems will 


system is behaving or 
in ont tl 


ummarizes the form 


mation 


pu 


be discussed separately 








CLASS | 
Off-line problems 


As far as human interpretation is 
concerned, Class I information is es 
sentially alphanumerical: that is, it in 
cludes all the 
found on 


symbols that may be 
1 typewriter keyboard, to- 
gether with any other symbols that 
may be used in the computer applica 
tion, plus nontyping functions (such 
as space tabulate. upper Case, etc) 
Besides expressing numbers, words, 
and names, these symbols may be as 
embled in groups to represent other 
coded symbols, such as part number: 
As described 
irticles', the 
recorded in binary form, 
with extra binary digits that 
ire useful in checking the recording of 
the information or its transmission to 
the omputer Also described earlier 
was the way the computer may inter 
pret transmitted information. 

Class I input information is usually 
recorded on punched cards, punched 
tapes, or magnetic tapes, 


or computer instruction 
earlier in this series of 
ymbols ire 
sometime 


from which 
it is transferred to the internal memory 
of the either directly or 
through an external storage device or 
buffer. The buffer 


may be a magnet 


computer 


if one is required 
drum, a photo 
graphic recording and reading system, 
or some other unit that can receive 


data slowly and deliver it rapidly 


\ buffer is required if the computer's 
operating speed is decreased consider- 
ibly when the computer must accept 
information during computation. This 
is particularly important if the com 
puter does not have sufficient capacity 
in its internal storage to hold all the 
data and instructions for an entire 
problem. The buffer permits program- 
ming the computer to halt its problem 
olving only occasionally and to accept 
ubstantial blocks of information in a 
relatively fast input transfer operation 
With no buffer, the computer can ac 
cept only one or at most a few piece 
of data at each call, either from it 
input device or from a register set by 
i human operator 

The design of some computer re 
quires that input information be phy 
icall eparated imto 


| program and 


data. lor instance, in the Burrough 
E101 computer th program is en 


tered through a pinboard while the 


data are entered from an accounting 
1. These 

be seen in thi photog: iph 

Figure 2. Pin 

wired panels, and 

other devices that store fixed informa 


tion are Cla 


machine keyboar two input 
devices ma 


or the | 10] 
boards pat h-cord 


omputer 


| program-input or data 
constant imput device equis ilent t 
1 set of punched cards except that 
their information is used directly bi 


the omputet rather than transferred 


to another memory facility. Thus in 


this case fixed-information devices are 
part of the internal memor 
Keyboards 


Of the commonly used Class I input 
devices, the kevboard has the lowest 
information-handling rate. A human 
typist may achieve speeds up to ten 
characters per second tor bref inter 
vals. but average rates are considerabh 
Keyboards are therefore not 
of large 


of information into a 


lowe! 
used tor direct enti mount 
computer in 
ternal memory unk the computer 
time is not highly valuabl A ke 
board-operated device might be used 


} 


however, to gencrate punched card 


punched tape or magnets tape 

d Cla 

I input device Information can be 
transmitted from punched irds oO 
from punched tape at about the same 
rate magnetic tape is mu h faster 
provided that the tape is r id out for 


veen tape tart 


vhich are other commonly u 


' 
I 
long-enough times bet 


ind tape top 
Punched cards 


Punched ( ird 
hand-operated key punches or by many 
types of automaty machine Ihe lat 


may prepared hy 


ter receive their information from mag 
netized tapes or strip peciall 
other punched irds, or the 


marked 
paper 
ontrol equipment of the machin¢ 
themselve Card pun hing machines 
operat at rat up to about 130 card 
per minute. Card-reading machines can 
process up to about 90 cards per 


minute when transmitting informa 
tion to a digital computer, and card 
orting machine in handle up t 
S00 card per minute Punched card 
have up to $0 columns of | 2 rows each 
machine ense the 
holes by wire brush or pin contact 
through the hol \ faster card-read 
ing method make e of photocell 
which re pond to light transmitted 

Anothe 
rapid me thod for card-reading is based 
upon the decreas the electrical 


Card-reading 


through the pun hed hol 


ipacitance betwee ad vhen 
pun hed hol 


Punched tapes 


Pape r tape m 


machine 


Standard 


tandardized f 
ion I I I 
me mstance Ihe | 
has recently developed 
punch 60 characters per second, and i 
currently designing one for 100 char 
acters per second. The 


unit that il 


standard den- 
ity of information on paper tape is ten 


haracter per inch of tape length 


ual t ft tape eading 
pullin ve into the read 
iivancing a 

tape W here 

hed the 

pin | hrough the sur 
face plane of tl ip Photoelectric 
uilable for pun hed 


the tape ensing 


readers ar 


tape These 


the ipe 


lo not requir that 

intermittently in 
order t 1 a character, A typical 
photoel read the Fe uti Mark 
ITA, wall " i rate of 400 char 
icter +0 in ond 


Magnetic tapes 


lane ecd econd 
| 


i 
digit il 
recording al O magnet 
tap Higher ! ( AUT I 


reclin md inch tape 


iff on Tat 


peed 


ire limute 


FIG. 2. Burroughs £101 


program mstruction 


computer has 
entered via the pin 
board at right; problem data i entered via 
the keyboard 


Binas 


sultichar 
iwh longitudina 
Sp ke pulse 
hannels may be 


orded pul ‘ 
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be recorded in extra channels as a 
safeguard against pulses missed due to 
dirt on the tape or irregularities in the 
magnetic material. A typical manu- 
facturer’s specification allows errors 
due to tape flaws to occur no oftener 
than once in 10° pulses 

Magnetic tape is superior to punched 
cards and tapes in that it can be erased 
easily and used repeatedly, and can be 
recorded much more densely. Its dis 
advantage is that it cannot be read 
visually, like punched cards and tapes; 
still, its information can be converted 
readily by machines into the punched 
or typed form 


Transmission links 


If the source of information or its 
destination is from the 
puter, a wire or radio link may be used 
to transmit information. Wire links 


are more generally used, because of the 


remote com 


FIG, 3. 


problems of finding available fr quency 
channels for the transmission of com 
puter data by radio. If several sources 
of information exist for a computer, 
witching or time sharing of input 
will be necessary Outputs, too, ma 
be switched or time-shared 

Any data that must be transmitted 
over significant distances for a Class | 
problem is likely to be digital. Either 
telegraph or telephone lines may be 
used for transmitting digital data. At 
present, almost 100,000 miles of lines 
ire leased for computer services, Equip 
ment is available for transmitting from 
five-channel punched tape to five-chan- 
nel punched tape over te legraph lines 
at about seven character per second, 
from punched cards to punched cards 
lines at 15 characters per 
second, or from magnetic tape to mag- 
150 to 
200 characters per second. Up to four 


over voice 


netic tape over voice lines at 


Typical input transfer of Class I information. 
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Output 
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pu 


Postpones the effect of a 5 gnal change 


independent card-to-card transmissions 
or up to 16 teletvpe transmissions can 
be made simultaneously over the same 
telephone line 

For future transmission of punched 
tape information, seven-channel tape 
has been proposed to replace the pres- 
ent standard five-channel teletype tape. 
Seven-channel tape permits many more 
different symbols to be coded, and 
allows for a parity check on the binary 


code digits for each svmbol 


Output 


Class 
tored in the 
put information, except that pinboards 
Or plugboards cannot be used. Class I 
output 
corded as printed or graphed informa 
used directly 


I output information may be 
same way as Class I in 


information may also be re- 


tion, which cannot be 
is input information later. Output in 
formation which is in the same form 
is input information, and which may 
be used later for re-entry into a digital 
computer, may be considered as semi 
permanent record material. Informa 
tion in this form, either the program 
or the data to be or both, 
may be treated as though it were in a 
temporary external storage medium, 
from which it can be transferred back 
into the computer. Output informa 
tion prepared by alphanumeric printers 
ind graph-plotters may be used for 
rapid-scan monitoring or for perma 
nent record purpose 

I'he detailed flow of Class I in 
formation through a digital computer 
or data processor may be traced more 
easily for a typical system than for a 
general system. Figure hows the 
logical equipment for transferring in 
put information from a magnetic tape 
to a computer in such a typical system 
for a hypothetical ynchronous 
computer. The symbol 
i and b of Figure 3 ar 
part « The magnet 
heads and the reading head amplihers 
shown in Figure 3a are parts of a tape 
handling device. ‘The tape-drive motor 
and its capstan, the reels for tape sup 
ply and take-up, and the necessarn 
equipment for supplying power and 
control are only partially indicated 

The digital signal lines from thi 
tape handler feed a buffer store. ‘The 
buffer store, which may be pack iged 
either separately or together with the 
computer, is here chosen to incorporate 
a serial recirculating register, which 1 
most compatible with a 
puter. Several tape handlers may be 
connected to this same buffer store if 
some provision is made for transferring 
information from only one tape unit 
at a time. The buffer store register i 
shown in Figure 3b together with the 


TOC! sed, 
I 


erial 
used in parts 
identified in 
tape reading 


crial com 


necessary gating and control circuits 





The flow of information in Figure 
is from the magnetic tape, 
reading head 
a gate system 


through 
through 
into a buffer store input 


ind amplificr 


ind from there to a recirculat 
ing register, where it is stored until it 
is transferred to the computer. ‘Thi 
flow l hown in he iv\ lin 

The tape hown in b igure ih 
eight channels. Six of thes 
are sufhcient for 
numeri 
symbols. Another channel may be used 
to carry parity digits for checking the 
reading accuracy. One of the channel 
nearest the center of the tape is the 
sprocket channel, which always has a 


register 


i 
1 
I 


hanne 
coding all the alpha 
punctuation, and auxiliary 


binary one whenever a coded symbol 
has been recorded in the other seven 
channels. In thi hypotheti il system 
the parity digit accompanies its sym 
bol-code digits everywhere except in 
the arithmetic and logical unit. In the 
latter, parity digits are stripped off in 
coming information and have to be 
reassigned to output information 
When the tape 1 


set of head 


moved past thie 
in Figure 3a, the head 
; through the 
amplifiers where they are amplified and 
shaped. From the output 


generate signals that pa 


of the amp! 
fiers in the tape handler these signal 
go to a set of parallel gates in the buffer 
store. ‘The seven signals that carry the 
symbol code and its check bit are gated 
to the input regi ter whenever a prock 
et pulse appear This input register 
receives the 
deliver crially) in 
the proper order at a later time. ‘The 
input register therefore serve ilso as a 
parallel to serial converter. ‘The conver 
omplished by making the 
input register a shifting register that 
transfers each stored bit to th 

whenever a shifting pulse is re 


even bits in parallel ind 
them sequentialh 


On 1 iC 


‘rom the last binary storage element 
in the tored bit i 
transferred to the output line. Seven 
hifting pulses are required to transfer 
the seven stored bits in sequence. A 
this output transfer 
one end of the shifting register, binar 
zeros shift into the register at the oth« 
end, so that after the seven bits hav 
been shifted out, the input register 
left ‘cleared 
next seven bit if information. ‘The 
hifting out of the in 
put register 1 vhen the de digit 


for a symbol ¢ 


converter each 


taking pla c at 


ind ready to a ept the 
proper time for 


in be placed in the 1 
circulating register directly behind the 
previously-recorded symbols. Until thi 
time, the shifting line to the 


register is not 


input 
upplied vith pulse 

Che control of the shifting pulses wil 
be discussed later 

Ihe recirculating register chosen fe 

the buffer 
information rate must be identical to 
the rate in the 


torage | one whos cTial 


computer. This feature 
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hIG. 4. Typic al output trans 


fer of Class I information 


implifies the timing 


during transfer twee! Dulter 
tore ind the ’ internal 
memory. The inf 1 nm the 
buffer register is determine | vn 
| om the 
omputer. ‘The ibol digits that enter 
the buffer regist i timed b hhift 
pulse whi h 
vnch pulse 


hronizing puis 


pulse have gone hroug! he main 
delay element Input-Output 
Buffer Storage 1 he recirculating 
gister, the i » tim yy th 
ynch pulse iB | 
ment, which furt 
la in the 
formation pulse 
ul uall nee 
retimed. ‘T] 
register mu be retained Db ontinu 
ou irculatio iti tran 
ferred to the 
hon path ther 
the reshaped 

lement to r 

Control of 

handled 


1 the pull 


» CEE 
“tri 
HLN\\ 


4 


J 


] 


mitrol i ed th the 
error indi vith the 
human opera 

'ransfer mation im the 
tape handler t tore recit 
ulating reg if ed by the 
ymbol counte t nch pulse selec 
tor ind th f yunter 
I'he n thires j uit are 
linked with ¢ ounter 
ind the ( i t h of which 
vill be discusse rocket 
pulse that ent ! tarts 
in operat i es the 

re pondin t ne in 

t register long 
T I t cm out 


thei p 


rie 


} 
irculating 


instant 
ymbol 
nitted 
| 
pul ‘ 


that 
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with the number in the symbol coun- 
ter: when these numbers coincide, a 
train of seven synch pulses is gated out 
of the selector. A seven-pulse train 
therefore — at the selector out- 


put once during each recirculation 
time of the buffer store register. The 
scale-of-seven (S7) counter limits the 
buffer store input register to only seven 
of these selected synch pulses for each 
symbol that must be shifted out. 

When the buffer store is ready to 
accept a new symbol, the $7 counter 
rests on zero, after having set flip 
flop A to the “0” state. ‘The sprocket 
pulse for the next symbol sets flip-flop 
A to “1”, which energizes a gate that 
controls the passage of the selected 
seven-pulse trains to the shifting line 
If the sprocket pulse sets flip-flop A 
to “1” in the time interval between th« 
seven pulse trains, the input register 
will be unloaded by the next seven 
pulse train. This will take place within 
one recirculation time of the buffer 
store register. If the sprocket pulse 
arrives at flip flop A between the start 
ind the end of a seven-pulse train, the 
later pulses in that train will transfer 
some of the code digits out of the in 
put register within one recirculation 
time, and the rest of the code digit: 
will be unloaded into their proper 
locations in the buffer store register 
by the initial pulses of the pulse train 
that occurs one recirculation time later 

Regardless of whether the transfer 
from the input register takes place 
within one recirculation time or two, 
the S57 counter permits only seven 
pulses to actuate the shifting circuits 
of the input register. The seventh shift 
pulse returns the S7 counter to the 
“0” state. When the S7 counter trig 
gers to zero, it sets flip-flop A back 
to “0”, and it also advances the sym 
bol counter by one count. Since the 
S7 counter in the “0” state generates 
a signal that would lock flip-flop A in 
its “O” state indefinitely, only the 
change of state of the counter is per- 
mitted to reach the flip-flop. This is 
accomplished by including the differ 
entiator in the output line of the coun 
ter. This differentiator passes a pulse 
only when the $7 
state back to zero 

The circuits and the operation de 
scribed so far could work satisfactorily 
provided that the symbols coming from 
the tape handler arrived with a time 
separation of at least two buffer-regis 
ter recirculation times. 

As soon as the number of symbols 
in the buffer storage register is equal 
to the designed capacity of that regis 
ter, the symbol counter will generate 
a “buffer ready” signal, which is trans 
mitted to the computer to advise it 
that it may transfer the buffer store 
contents to its internal memory when 


counter changes its 
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ever convenient. The “buffer ready” 
signal will also be transmitted back to 
the tape handler through an OR gate 
to stop the movement of the tape. This 
“tape halt” signal makes sure that sym- 
bols will not be read from the tape 
when they cannot be accepted by the 
buffer store. ‘Termination of this “tape 
halt” signal will be discussed later 
The “buffer ready” signal sets flip 
flop B to the “1” state, whic h opens a 
gate for the “call from computer” 
signal. The latter is sent out by the 
computer when it chooses to respond 
to the “buffer ready” signal. When the 
“call from the computer” signal ar 
rives, it sets flip flop C to the “1” state 
Before flip-flop C was triggered by 
this signal, it was in the “O” state, 
holding open the recirculation gate in 
the buffer storage register. In the “1” 
state, flip-flop C prevents passage of 
the serial contents of the register 
through the recirculation gate, and per- 
mits the contents to be read out to the 
computer instead. After the buffer stor 
age contents have all been transferred 
to the computer, the computer trans- 
mits a “transfer completed” signal to 
the buffer store, to reset flip-flop C 
to the “0” state. The readout of the 
buffer store register takes place in ex 
actly one recirculation time of the 
buffer store register, but this register 
1S abl to accept new symbols as soon 
is the This is 
true because holding the recirculation 


readout commences 


gate closed clears out the old contents 
of the register in serial fashion. It is 
therefore safe to reset the symbol coun- 
ter with the “call from computer” 
signal 
minated by passing it through a delay 
line and then using it to set flip-flop B 
back into the “0” condition 
as the symbol counter is reset, it can 
no longer generate the “buffer ready’ 
and “tape halt” signals, so the tape 
drive motor can resume moving the 
tape. The counter then starts counting 
stored symbols all over again. 


This reset signal can be ter 


As soon 


Tape searching 


The computer may have to specify 
the location of the next block of in- 
formation which it seeks from the tape 
if this spceified block is elsewhere 
on the tape than directly following 
the block just read. This implies (1) 
that there is communication directly 
from the computer to the tape-hand 
ling device, (2) that pulses from the 
tape are prevented from actuating any 
of the buffer store circuits during tape 
search, and (3) that equipment is pro 
vided for keeping track of the location 
of information on the tape. The equip 
ment for computer-controlled block 
searching is not included in Figure 3 

The OR gate that emits the “tape 
halt” signal was mentioned above in 








connection with the “buffer ready” 
signal. This gate is energized when an 
error is detected by the parity check 


counter, as well as when the buffer 
store is full. The parity check counter 
shown in Figure 3b is simply a binary 
(modulo 2) counter which is triggered 
by every binary one that is shifted out 
of the input register. This counter has 
two outputs, “OK” and “error”. If the 
counter has been triggered by an even 
number of binary ones from the seven 
code bits shifted out of the input regis- 
ter, the “OK” output line from the 
counter will be energized in time to 
gate the differentiated signal from the 
S7 counter into the symbol counter. 
However, if the parity check counter 
stopped on an odd count when the 
hift-out from the input register was 
completed, the “OK” signal would be 
replaced by the “error” signal. This 
“error” signal gates the differentiated 
pulse from the S7 counter into flip 
flop D, setting the crror indicator flip 
flop to the “1” state. In this state, the 
flip-flop generates the “error indicator” 
ignal, which may turn on an error 
light as well as give rise to the “tape 
halt” signal. 

I'he occurrence of an error detect- 
able by the parity check counter stops 
the tape reading ope ration and presents 
an indication to the human operator. 
Whatever the human operator chooses 
to do in response to this error indica- 
tion involves Cla I1f equipment, 
which is not the topic of the present 
discussion. However, Figure 3b shows 
a “manual reset”’ signal line which can 
be energized by the operator after he 
has completed the necessary corrective 
procedures. ‘This “manual reset” sig 
nal restores both the parity check coun 
ter and the error indicator flip-flop to 
the “0” state, thereby permitting the 
equipment of Figure 3 to resume nor 
mal operation. 

Ihe input system just described re 
quires immediate human intervention 
when an error is detected. Much of 
this intervention can be made auto 
matic, although some human interven 
tion will always be needed. For in 
stance, the input circuitry could be 
arranged to move the tape backwards 
and forwards one or more times in an 
automatically-controlled attempt to re 
read the information for which the 
error was registered initially. Errors 
due to the presence of foreign particles 
between the tape and the reading 
heads, are cleared up by this method 
Alternatively, more elaborate coding 
methods than the simple error-detect- 
ing parity code could be employed, 
such as an error-correcting code 


Output control 


The flow of Class I information out 
of a computer may be handled by the 






logical equipment shown in Figure 4. 
his equipment, consisting of a buffer 
store and a tape handler, ac cepts blocks 
of information from the computer and 
records them on magnetic tape. The 
equipment of Figure 4 is compatible 
with the computer system postulated 
for Figure 3. The logical symbols used 
in parts a and b of Figure 4 have been 
identified in Figure 3« 

Many of the component circuits 
shown in Figure 4 are identical in de 
ign and operation to the component 
ircuits of Figure 3; in fact, the logical 
equipments shown separately for the 
input and the output functions may 
be coalesced readily. 
buffer stor 
may bi 


hus, only one 
ind only one tape reader 
implied in Figures 3 and 4 
combined. The following discussion 
however, will be limited to Figure 4. 
Ihe heavy lines in Figure 4 show 
the information flow from the com 
internal memory to the buffer 
tore recirculating register, from which 


puter 
it is read out, one symbol at a time, 
into a seven-channel output register 
At intervals a output 
gate in the buffer store transmits the 
ymbol code bits 
each other and with a 
[his information i 


seven-channel 


imultaneously with 
pro ket pul é 
transmitted te 
umplifiers in the 

The € 


ignals used by the 


writing head 
handling device 
erate th 
heads for recording each 
its sprocket on the tape 
More than one tape handler may 
used with the buffer store of | 
4a. Circuits would then be requir 
that could effect the selection of one 
of these tape handlers at a time. These 
ircuits are not in the figure 


implifie is g 
writing 


ymbol and 


I he operation of the control cit 
uits shown in Figure 4a may be ex 
plained briefly by assuming that the 
buffer store initially is transferring it 
contents to a tape, that it is then filled 
by the computer, and that it again 
resumes its transfer of contents to tape 
track of 
transmitted from the buf 
to the tape hese symbols 
are gated and shifted into the output 
register by selected pulses that appear 
on the shifting line. Each 
transferred to the tape by a 
pulse steps the symbol 
ind opens the gate for th 
next selected pulses 


When the last 


out, the symbol 


[he symbol counter keep 
the symbol 
fer store 


ymbol ] 

procket 
which also 
counte! 


symbol has been read 

counter will have 
counted up to its capacity and will 
generate the “buffer ready” signal. The 
initiation of this signal sets flip-flop ¢ 
into the state that causes the recircu 
lation register to be cleared. This sig 
nal also reaches flip-flop B, maintaining 
it in the state that causes a gate to 
block the seven-pulse 
flip-flop D 


trains, and it 


reset topping the tape 


Recirculation of the buffer stor 
register starts with the next “‘start of 
cycle” pulse that gets through the bi 
nary counter and resets flip-flop C. No 
more “start of cycle” pulses are gener 
ated until the next tape-recording op 
eration takes place 

During _ transfer-to-tapc 
ind while the recirculating register is 
being cleared, the computer should not 
trv to load the buffer store; 
i not 


operation 


therefore 
ignal is provided in 
Figure 4 to inform the computer when 
loading may take place. ‘The compute: 
can load the buffer store at any time 
without affecting the control circuit 
in the buffer store. ‘The computer 
ymbols (up to 
hall be loaded 
hall be placed 
buffer 
loading job is fin 
ignal from the 
all the 
ontrol the 


busy’ 


determines how many 
the store’ 


ind how the 


( ipacity 
ymbol 
relative to each other in the 
tor When the 
ished, a 
computer unlocks o1 
buffer store circuits that 
transfer-to-tape runction 
Lhe input and 


ust discussed n 


“record tape 


ictivates 


output equipment 
of many equally 
Other designs may in 
orporate different feature involve 
ther timing and quencing, ct A] 
though the details of the 


mav change trom de 


ood ck ivli 


equipment 
ign to design, and 
ilthough the design may change from 

tem to tem, the basi 
itherimng 
toring, and clearing will always be in 
olved. A 


must be provided in Cla I] equip 


function 


f information transferring 


vill be seen, these function 


CLASS Il 
On-line applications 


Ihe data variables in a Class II 
problem consist mostly of quantiti 
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continuously outside the 
computer; thus, from the standpoint 
of input and output equipment, a 
computer for a Class II problem is 
characterized chiefly by the emphasis 
that has been placed on rapid trans. 
ferral of data between the outside and 
the computer irithmetic unit. Fur 
lities for transferring 
information to from the 
memory may b newhat deempha 


ized or modihed 


that change 


thermore, the fa 
internal 


Class II data will be in analog form 
d or generated in 
outside the 
computer, but must be in digital form 
while it is in the computer. Suitable 
this data, in both the 
inalog and digital forms, are listed in 
lable Il. ‘The transmission of data 
between the ph ind the 
omputer ilmost iwa iccomp 
lished intermittent! with attendant 


roblem ot ul pre ion 


while being han 


the physical equipment 
vays to exp! 
ippal itu 


amp 


I 
ling time oothn ind lag. The 
transmission itself may be by 


direct 
or digital 
xr b rad ‘ V1 Linh i§ 
ited or | electrical 


data trom 


inkKage im cithe thi inal 


ignals 
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mia mivolve CV 

iture reading, for 

ma tained indirectly 

in the form of ct current voltage, 
vhich fy i ed and then en 
oded is of analog quan- 
Il, the mechan 

temporal | clectrical may be 
erted mo than th 
digital form, Mechanical quan 

titi for instan nay be encoded by 


other ; 


in one of nmerciall ivail 
ible haft-po it t ligital converter 
obtained with 


progr ive 


' 
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electrical 


thermal 
optical 


acoustical 


—amplitude 
temporal 
polarity 
thermal 
rate of 
chemical change 


hydraulic 


pneumatic 


mechanical 


direct current 


(voltage or current) 


sinusoidal waves pulses 


amplitude height 
phase width 
frequency 


rep. rate 


duty cycle 


(rotation or transiation) 


position 
speed 


acceleration 


b) DIGITAL FORMS OF CLASS Ii INFORMATION 


Signed magnitude or complement 


parallel or serial 


most significant digit first 


least + gnificant digit first 
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binary”, decimal, or binary-coded deci- 
mal code. Of the devices available for 
electrical analog to digital conversion, 
those with voltage inputs have been 
furtherest developed. ‘Temporal quan 
tities may be encoded by counting 
methods, using pulses or voltages at a 
predetermined fixed frequency. The 
devices and techniques used in conver- 
sion will be discussed in the next articl 
of this series. The problems of con 
version accuracy, precision, sampling 
time, data-smoothing, and data-lag 
have been discussed by R. M. Leger 
and J. L. Greenstein in “Simulate 
Digitally or by Combining Analog and 
Digital Facilities”, Conrrot Enc 
NEERING, September 1956, page 145. 

Figure 5 shows a typical arrange 
ment of Class II input and output 
devices, with their associated equip 
ment. ‘The information flow, indicated 
by heavy arrows, is clockwise in the 
figure, circulating between the analog 
equipment on the left and a parallel 
binary computer on the right Input 
quantities | and 2 and output quan 
tities 4 and 5 are mechanical shaft 
positions of ten-, seven-, eight-, and 
five-bit precision, respectively. Each of 
these quantities is converted into a 
special code that must be translated 
for the digital computer. The convert- 
ers associated with quantities 4 and 5 
are parts of digital feedback loops 
which will be discussed later. Input 3 
turns a switch on or off; thus it may be 
treated as an analog quantity with a 
precision of only one bit. No trans 


FIG. 5. Typical Class If input and output. 


lation is required for quantity 3 be- 
cause it can be encoded directly into 
the binary number system used by the 
digital computer. Output 6 is an elec 
tric current that can be indicated by a 
meter or used by other kinds of analog 
equipment. 

There are two reasons for using 
digital feedback in generating quan- 
tities 4 and 5. For quantity 4, feedback 
permits a quantity of eight-bit pre- 
cision to be derived from a quantizer 
of only five-bit precision. In both cases, 
the output shafts are turned by servo 
motors (SM) which respond to signals 
determined by the digital computer 
Because a servomotor integrates its 
input signal, this signal must supply 
only the changes—that is, the “error” 
in the output. 

The “amplify and hold” blocks in 
Figure 5 indicate the circuits that 
amplify the quantizer output voltage 
for each channel, and that hold or 
store this voltage when the quantizer 
is idle or supplying other channels. 
The holding circuit element functions 
primarily as a low-pass filter, although 
it has seme of the properties of an 
integrator. In channels 4 and 5 each 
amplified and stored voltage modu 
lates the ac applied to the correspond 
ing SM control winding. 


CLASS ill 
Computer checking problems 


All the communication between a 
digital computer and the world out 
side it involves input and output equip 
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inforn. ution 
ommonly 
“output” 


ment or facilities. That 
and equipment which i 
referred to as “input” and 
has been discussed under Class I and 
Class If. All the computer communi 
cation that is not included in these 
categories is in Class III 


CLASS ill 

Class Ill ymmuni 
cated through the control, monitoring, 
and servicing facilities 
puter. These facilities may involve o1 
affect any part of the computer and its 
auxiliary equipment. Class III equip 
ment used in control 
is arranged for the convenien 
computer's operator, and th 
ment useful in 
for the 
personnel. 

Rotary or toggle switch yushbut 
tons or other electrical contact device 
or plug jacks may be used to ente! 
Class III information into a 
Information to be entered in 
off-on control, commands for 
continuous running, cle 
setting; options concerning 
branching; choices between ' 
put or output media or 
variations in circuit supply 

Indication of 
can be obtained from light 
ray tubes, meters, typing devic YT 
iudio amplifiers. ‘The 
or more registers in the memory, con 
trol, or arithmetic portions of th¢ 
puter may be displayed in a pattern of 
lights or may be typed out; this in 
formation is useful in monitoring the 
progress of Program 
monitoring may be accomplished by 
plotting, on a cathode-ray tube, the 
pattern formed by the successive 
memory addresses consulted while the 
computation is in progres The pres 
ence of an error or of an overflow of 
data may be indicated by 
by an audible alarm. The 
of the computer circuits themselves 
may be indicated on meter 
thode-ray-tube patterns 

Figure 6 shows a control panel lay- 
out that includes manv of the feature: 
just mentioned. The center section of 
this panel has been made wide enough 
to display the contents of all the 36-bit 
registers. Various lights, switches, and 
meters, together with a small cathode- 
ray tube, have been arranged on the 
two flanking sections 

The top row of the left-hand section 
has a power on-off switch and a pilot 
light. It also has an indicator light that 
shows when the computer temperature 
is outside the design limits, and three 
horizontal strips of lights that indicate 
the code for each five- or seven-bit 
svmbol entering or leaving th 


information 


of a digital com 
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A control console for Class II] input and output 


Fach 
pot on the 


it a 


rERS 


ind \ 


re 


used for program branching 

middle 
pushbutton 
electing mod 


bottom two rows 
the 
rangement of lights and pu hbutton 


have 


section: these 
12-bit 
register 
counter 


he 


tim 


location cor 
coordinate 
of the 


julnp ol 


row 


of operation 
of the computer, including several test 
ot 


111i 


register 
MAR), 
PAC 


REFERENCES 


NEED 


SYSTEMS, | 


er 





RALPH H. BETER 


Mr. Bete 


MORRIS RUBINOF 


Dr ibin anaged 


iag 


COMMUNICATION THEORY IN D 
rAL SYSTEMS, M. Lief N. B 


rOW 


THEY ARE USED, I 


THE COMPUTER A 


ERAL EQUIPMENT 
PUTERS WITH 
PUI Kdward | | 
ROLE Ol 
WORKS IN DICITAI 
R. ¢ Mat | 
astern Cx 
DIGITAL CO 
TIMI 
} 
Ma 
; 

PHE IBM TYP! 
DATA PROCI 
BUSINESS, C. |] 
N. RB este | 

; ; 

AN INPUT OUTPI 
DIGITAL CONTRO! 
Ket | 
| n 

Publicat } i 

AN EXPERIMI 
CONTROI 
MULTICH AN) 
CONVERSI 
VOLTAGI 
PROACHI 


IN CON 


NOVEMBER 


REMOTI 


PIERS FOR 
SIMULA YN 


COMPUTER, L. P 


} « _on 

hb, 19 p. 41 
ND ITS PERIPH 
Rochester; COM 
DATA IN 
gerald md «6TH 


COMMUNICATIONS NEI 


DATA SYSTEMS 
ling f th 19 

Boston 

REAI 

M Kubinoff 

if nputing 


| i pp 


AN ELECTRONIC 
MACHINE FOR 
W. Buchholz. and 


+ Cctober 


YSTEM FOR A 
of t 19 
Angeles 
POR ( 6 
DIGITAL FLIGHT 
Make Margoli 
ANALOG.DICITAI 
TEM FOR rx 
ae AP 
Y PROBLEMS 
UIPMENT, A. K 
+ Western 
AIKI 


ANAL INPUT 
[EM FOR 
\ I Mac 

IKI 


ON y 


1956 1273 








IDEAS AT WORK 


This magnetic amplifier control acts to per- 
mit mixture of two liquids only when they are 
nearly the same temperature, regardless of 


what that temperature is, within the range 


from 50 to 650 deg F. 





FIG. | 


detec ting 


difference 


Pemperature 


Control by Temperature Difference 


W. M. KENDZIOREK 
Westinghouse Electric Corp. 


Magnetic amplifiers are being used 
in more and more applications requir 
ing the reliability 
ontinuity of service In on 


ipplic ation, two liquids 


utmost in and 
such 
must be pre 
vented from mixing with each other 
their temperatures are very 
alike. ‘The controlling 
the flow of the two liquids are act 


unle iS 
nearly valves 
uated by a magnetic 
that temperature of 
the two liquids and senses the differ 


implifier system 
measures the 


crence between them When the 
difference becom« ) le SS than yO 
predetermined magnitude, the valve 


are permitted to open and the liq 
uids may 
Such a ictually 
tructed for an application where the 
two temperatures in question ranged 
from 50 to 650 deg IF and where the 
difference detected was adjust 
able from 25 to 75 deg F. ‘The 
tem relay 


Intermix 


system was con 


to be 
trips a whenever the 
prescribed temperature difference is 


§ of the 


ictual valu 


reached, regardle: 


of the their 


range, 


two temperature in 

I'he system maintained an accuracy 
of better than 2 
tions of plus o1 
line voltage, 
in power supply frequency 
to 6U deg C 
This high degree of a 
such 
device to be used in critical applica 


pe recent for varia 


minus 10 percent in 
plus or minus 5 percent 
and 

in ambient temperature 

unde 


permits thi 


uracy 


adverse condition 


tions requiring an extreme ly rugged, 


yet accurate and sensitive instrument 

The system measur the resist 
inces of two resistance thermometer 
converts them to meter indication 


lahrenheit, measures the 


between the 


in degrees 
difference two tempera 
tures, and finally caus to be 
energized when the difference exceeds 
a given magnitude 

Ihe block diagram, Figure | 


how the signal originates a 
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1 variable 
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Fischer & Porter has the answer...it's READABILITY 


= at the actual size illustration above 
Notice how horizontal chart travel assures 
quick, easy readability. Side writing pens mean 
accurate reading of chart record. The entire 
instrument may be withdrawn from case, mak 

ing visible a 14 hour chart section, without 
interrupting operation of the recorder or controller 
in any way. There are no other instruments 
like these using full four inch charts. 

F&P Ratographic Recorders may be quickly 
interchanged from the front of the panel. Serv 

icing is simple. Automatic seal-off 
the continuous chart rewind with handy daily 


Consider 


tear-off. Consider the removable pens, fed from 
an adequate ink supply reservoir. Yes, con 
sider all the F&P Ratographic advantages and 





you'll buy no others 

These instruments mount readily on conven 
tional or graphic panels. Specify any of many 
options and F&P has the answer. A single F&P 
Ratographic Recorder in use will convince you 
of their versatility, high accuracy and depend 
ability. That’s a firm assurance. Write today 
for complete information or specific quotations 
Fischer & Porter Co., 816 Count 
Road, Hatboro, Penna 


Line 


Illustrated Literature on Request 
Catalog 55-20 is a complete, detailed 
report on the multiple application 
the many options available in F&P 
Ratographic instrument Write for 


it today No obligation, of cours 


FISCHER & PORTER CO. iiivore, rx. 
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No maintenance (nspection 
on thie new valve until 19SG!/ 
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YES, AND THAT’S A GUARANTEE backed by a reputation 
for quality established in more than half a century of 
design, development and manufacture of regulators 
and controllers. 

This amazing new, diaphragm operated, Leslie pres- 
sure reducing valve has only two moving parts: no 
seals; no stuffing boxes; no small, dirt-catching parts. 

A simple air loader eliminates the conventional 
bulky loading spring and provides accurate dia- 
phragm loading that gives pilot-type response. Yet, 
it is rugged and uncomplicated. The unit itself lends 





a nS a <a ed itself readily where remote adjustment is an advan- 
You can just put this amazingly simple tage, too. And you pay no price premium for these 
and compact Leslie Class GPK-A pres- advantages. You get Leslie quality for about the same 
sure reducing valve on the line and initial cost as leading makes of ordinary regulators. 
forget it for at least 3 years! Suitable for any steam service up to 250 psi, 450°F, 


the unit is available in 14” to 2” sizes. It is ideal for in- 
termittent service too, and is unaffected by dirty steam. 

Your Leslie engineer can give you all the data on 
this amazing valve. You'll find him listed in your 
classified directory under “Valves” or “Regulators” 


Send for YOUR copy of Bulletin 561 today. 


REGULATORS anpD CONTROLLERS 


LESLIE CO., 211 GRANT AVENUE, LYNDHURST, NEW JERSEY 
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increases, the bridge becomes unbal 
anced and a current flows through 
the preamplifier control winding 
directly proportional to the measured 
temperature. Since the bridge nor 
mally operates unbalanced, the out 
put is directly proportional to the 
supply voltage and its accuracy will 
be no greater than the accuracy of 
regulation of the supply voltage 
For this reason, the supply to the 
bridge was chosen to be 75 vde 
regulated to 4 percent 

A simple saturable 
chosen for the 


reactor Wa 
preamplifier stag 
(Figure 2) since this type of ampli 
fier is relatively insensitive to line 
voltage and frequency variations. Th 


signal from the Wheatstone bridg« 
enters the control windings (F1A and 


F1B) of the preamplifier through 
a temperature compensating network 
composed of R25, R26, and a neg- 
ative temperature coefficient resistor 
(NTC). Thus, as the ambient 
temperature causes the resistance of 
the control winding to change, the 
resistance of the compensating net 
work changes an equal amount in 
the opposite direction and the bridge 
sees a constant load. 

With no signal on the control 
winding, the reactor will have a small 
output; this is the core’s magnetiz 
ing current. Between values of con 
trol signals slightly greater than zero 
and values approaching the saturation 
current of the core, the output is a 
very linear function of the input 
The two cores are oppositely wound, 
to make the amplifier respond only 
to the amplitude and not the polarity 
of the control signal. ‘The output of 
the reactor, rectified by CRI, goes 
through an isolating network, R27 and 
Cl, to the output stag 

The output stage, as shown sche 
matically in Figure 3, is also a simple 
saturable reactor. It was chosen for 
the same reasons of stability and lin 
earity as the preamplifier was. The 
control signal to the output stage is 
applied through a temperature com 
pensating network (R28, R29, and 
NTC) similar in function to the net 
work in the preamplifier. To counter 
act the quiescent output from the 
preamplifier, de bias windings (F3A 
and F3B) are provided, and R3 is 
adjusted to supply an amount of am 
pere-turns of bias exactly equal and 
opposite to the 
trol signal coming from the preamp 
stage when the input to that stage 
is zero. In order to reduce further 


output 


impere-turns of con 


the quiescent, or zero-signal 
from the output stage, an ac bias is 


applied to windings FIA and FIB 





This bias provides some of the mag- 


netizing current for the core; the rest 
has to be supplied by the load cur 


rent. Thus there will always remain 
some small magnitude of quiescent 
current. Since a dc signal is desired, 
the output is rectified by CR2 and 


- 


filtered by the filter network R33, C3, 
and L1. The load current splits; most 
of it flows through R33 to the bi 
stable amplifiers, but some of it flows 
through = the 
provides the 
indication 


indicating meter and 


required temperature 


THE BISTABLE AMPLIFIERS 


I'wo bistable amplifiers are used 
in the actual system, but since then 
modes of operation are alike, only on 


need be described in detail here. ‘Th 
polarity of the 
so arranged that when 
I'l is than temperature ‘T2 
by an amount (T]—T2 
by the number of bia 

the magneti 


and relay (KI 


control windings i 
temperature 
greater 
determined 
imper turn 
amplifier will saturate 


will be energized 


Similarly, when T2 is greater than 
I'l, relay K2 will be energized 

Ihe characteristics of a_ bistable 
amplifier are ideally suited for relay 


yperation, It is positive; that is, it 
is either fully on or fully off. The 
transfer curve of this type of amplifier 
(Figure 4) illustrates this action. A 
the control current increases to point 
A the follow the 
ABC. Since the curve has a negative 
slope, it is impossible to have a fra 
tional output in the steady state 
During the transient, as the ampliher 
iturates, the control current is act 
ually forced to decreas 
ing control 


implifier curve 


On decreas 
current, the amplifier 
output goes to minimum when the 
contro] current reaches point B; the 
output then describes the curve BAD 
The difference in magnitude between 
the control current at A and B is 
known as the loop width and is direct 
ly proportional to the 
positive feedback 

The bistable amplifier used 
application 5 


imount of 


nm this 
Figure 5, is a conven 














wv 

o 

= 

= 

+ -— ~ 

NI Control 

FIG. 4. Control transfer characteris 
tic of bistable magnetic amplifer. 
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IDEAS AT WORK 
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IG, Bistable am plifie tr. 


bles npliher with an excess 


] 
tional dou 


of positive teedbach the required 
amount of positive feedback 1 up 
plied to vinding | \ ind F3B, 
The differential action is accomplish 
ed by the use of windings 1A, F1B, 
| 2A, and 2B \ in be cen in 
the illustration, t 
gized by RTI a 


i winding e1ier- 


€ Oppo ite im polarity 


to those energized by RI Because 
of this arrangement of control wind 
ing the net magnetomotive force 
that the core e 1s directly propor- 
tional to the difference between the 
two control rents and therefore 
to the difference ctween the two 
temperature \ paw of bias wind 
ing 4A and 4B, | provided to 


ct the level at which the cores sat 
urate Ihe magnitude of the bias 
current determines the maguitude of 


the temperature difference required 
to iturate the 


I herefore, the 


im plier 


' 
npliher is not only 


sensitive to the nagnitud t the 
difference betwe the two signals, 
but also to it Of the two ampli 
hers, cach wil erate its relay for 
only one mdition. Kil will be em 
gized when TT] vreater than ‘J 
and K2 will be icrgized only when 
| greater | 1] 

Thu ih ‘ DIE tive hia 
been accomp! Phe R/T amphi 
hers detect i ind indicate the 
temperature ind the bistable 
umplifies pert 1 the differencing 


, , . | , 
action and trip t equire i 
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RCA 

“Special- 

Types 
OA2-WA* 
0B2-WaA* 
2021-w* 
6AC7-w* 
6)4-WA* 
5654 


5654 /6AK5 
we 


5654 /6AK5 
W /6096° 


5670 
5686 
5690t 
5691T 
56921 


56931 


5726 /6AL5 
we 

5726 /6AL5 
Ww /6097° 


5727/2021 
we 


6BA6 5749 
6BE6 575 


at 12AX7 5751 
.— clan AP A‘ fer 
exe 12AX7 5751-WA* 
=o critical rv 7 12AU7 5814-A 
ruse applications aur | se14-wae 


. Specify - = 


5840-A° 





6005 


6072 


RCA “SPECIAL RED Ee 
AND "PREMIUM" TUBES Bae 


6080-WA* 
} performance of electronic equipment, particularly when it involves critical 6)6 6101 
ons, often depends on the quality of the tubes installed in the t 
Y i i ‘ ene equipmen 6/6 6101/66 
jad tubes minimize early failure ind inefficient or unreliabk equipment wae 
rmance 6AU6 6136 
abilit 


um-quality tube comes only with the 6AG5 6186 /6AG5 
ervence mn the deve lopment and production of tubs WA° 


umul 


ith f " ‘ peciual ioWledge of tube design, manufacture. in pection ind 12AuU7 6189 /12AU7 
ied in producing RCA PREMIUM TUBES. Thi wn 
ron tube dependability and optimum 12AT7 6201 
6205° 


SPECIAL RED ind 


DISTRIBUTOR oO N J Since the “S 
re- 
write RCA, Commercial j " types can not 


re es replacing a 
in the prototype 
ps a umn with the listed 


TUBES FOR INDUSTRIAL-ELECTRONICS Spor th 


tSpecial-Red Tubes 


Radio ¢ t nofAmerica, Harrison, N 
*Built to the military 
specification applicable 
at the time ol cola 
tion. 
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A Function Generator 


IDEAS AT WORK 


for Two Independent Variables 


Analog generators of functions of two independent variables are usu- 
ally slow and very expensive, or limited in terms of the kinds of functions they 
can generate. This approach makes use of inexpensive single-variable gen- 


erators. In one form, it has operated at input frequencies up to 30 cps. 


LEONARD TABACK ind troublesome job, and once fin 
National Bureau of Standards ished, cannot be changed The 

method is inherently slow because of 

In many analog computer studic its mechanical nature 

it is necessary to represent empirical Another electromechanical scheme 
data by functions of several variables makes use of a set of ganged potentio 
rhis occurs frequently in the simula- meters, each potentiometer being 
tion of aircraft, where the parameters shaped to represent one curve of the 
of flight equations are related non- desired family of curves. The arms of 
linearly to one or more of the variable these potentiometers are servo-posi 
of motion. To satisfy the requirements tioned according to x. The outputs 
of an analog computer facility, the feed taps on an interpolating potentio 
function generator must be economi meter. The arm of the interpolating 
cal, easy to use, relatively fast, and potentiometer is servo-driven accord 
capable of generating a wide varieh ing to the input variable y, so that its 
of arbitrary functions output is a function of both x and y 


‘his method has many of the disad 


Previous methods 
vantages of the three-dimensional cam 


There have been various schemes mentioned above 
used for generating functions of tw Fully electronic schemes will, of 
variables. Most of them lack some course, increase the allowable speed of 
of the desirable characteristics men operation, One such scheme make 
tioned above. One such scheme i use of a matrix of selector circuit 
the three-dimensional cam, upon ‘he function generator is adjusted to 
which a pickup device is positioned the proper value and slope, at fixed 
axially and circumferentially by servos increments of the input variables. In 
iccording to the independent variabl terpolation between these values, how 
x and ) The radia! displacement ol cvecr, 1S gencralh nonlin il duc to the 
the pickup is determined by the con on-off characteristic of the selector cit 
tour of the cam, which is machined cuits. The variety of curves that can 
to represent the desired function of be fitted is limited because the fun 
x and y. Machining is an expensive tion must be fitted into the rigid 








| 
a | 
bend : } 
' bewcwess 
| | 
rceree + } 
hood ' y y-a y-d 
beoowne “ 


FIG. 1. Single-variation function. Generators at the left are gated 
by the value of y. Fractional values are interpolated automatically 


framework of the matrix. For exampl 
if a S-by-5 matrix used, the best fit 
that can be obtained is a straight line 


across any one-fifth of the range, no 
matter how sharply the required fun 
tion may be curved 

Another all-electronic scheme make 
use of diode function-generators of a 
ingle variable, The slopes and break 
points of the diode function generato 
ire clectronicall ontrolled hi 
chen requires a ood deal of work 
practi il only for « 
tain classes of function 


to set up and 1 


The new approach 


Ihe method of function generation 


to be described hy illeviates many 
of the difficulties encountered im the 
cheme described im the literature 
Basicalh everal function gencrator 
ire used for one able at succe 

fixed values of the other variable, and 
i scheme } provided for interpolating 
linearly between these functions. In 


te rpolation can be made between fun 
tion generators of any type or combi 


nations of type Such a t Naviqyune 
desirable because it can use any fun 
tion generator ivailable at a part ilar 
inaiog comput ! t 
higure | sh b f 
y=t 
{ (x, b) 
) 
f(x , a) y 
y 4 
¢ (y 
iG. 2. Typical function of two 
independent variable x and ¥y 
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FREQUENCY 


MAP IAV IG Ih 








PRECISION FORK UNIT 
TYPE 50 
Size 1” dia. « 3%” H.* Wght., 4 oz. 
Frequencies: 240 to 1000 cycles 
Ms Accuracies:— 

Type 50 (+.02% at —65° to 85°C) 
Type R50 (+.002% at 15° to 35°C) 
Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 

Output, approx. 5V into 200,000 ohms 


*2%" high 
400 - 1000 ey. 


FREQUENCY STANDARD 
TYPE 50L 

Size 3%” x 4%” x 5%” High . 

Weight, 2 lbs. 
Frequencies: 50, 60, 75 or 100 cycles 
Accuracies:— 

Type 50L (+.02% at —65° to 85°C) 

Type R50L (+.002% at 15° to 35°C) 
Output, 3V into 200,000 ohms 

Input, 150 to 300V, B (6V at .6 amps.) 








PRECISION FORK UNIT 
TYPE 2003 

Size 1%" dia. 2 4%" H.* Waght. 8 oz. 
Frequencies: 200 to 4000 cycles 
Accuracies:— 

Type 2003 (+.02% at —65° to 85°C) 

Type R2003 (+.002% at 15° to 35°C) 

Type W2003 (+.005% at —-65° to 85°C) 
Double triode and 5 pigtail parts required 


’ | 


*3%4" high 
400 to 500 cy. 
Input and output same as Type 50, above 


FREQUENCY STANDARD 
TYPE 2005 
Size, 8” x 8” «1 7%" High 
Weight, 14 lbs. 
Frequencies: 50 to 400 cycles 
(Specify) 
Accuracy: +.001% from 20° to 30°C 
Output, 10 Watts at 115 Volts 
Input, 115V. (50 to 400 cycles) 











optional 
FREQUENCY STANDARD 
TYPE 2007T 
TRANSISTORIZED 

Size 1%" dia. « 44%" H.* Wght. 7 ozs. 
Frequencies: 240 to 1000 cycles 
Accuracies:—Same as 2003, above 

Type 20078—Silicon type 

Input, 28V. 


Output, Multitap, 75 to 100,000 ohms 


*3%” in 20078, 400 to 800 cycles. 


FREQUENCY 
STANDARD 
TYPE 2121A 
Size 
8%" « 19” panel 
Weight, 25 lbs. 
Output: 115V 
60 cycles, 10 Watt 
Accuracy: 
+.001% from 20° to 30°C 
Input, 115V (50 to 400 cycles) 











FREQUENCY STANDARD 
TYPE: 2001-2 

Size 3%" 24%" « 6” H., Wght. 26 oz. 
Frequencies: 200 to 3000 cycles 
Accuracy: +.001% at 20° to 30°C 

Output: 5V. at 250,000 ohms 

Input: Heater voltage, 6.3 - 12 - 28 
B voltage, 100 to 300 V., at 5 to 10 ma, 





FREQUENCY 
STANDARD 
TYPE 2111C 

Size, with cover 

10” 2 17” « 9” H. 
Panel model 

10” x 19” « 8%" H. 

Weight, 25 lbe. 

Frequencies: 50 to 1000 cycles 

Accuracy: (+.002% at 15° to 35°C) 
Output: 115V, 75W. Input: 115V, 50 to 75 cycles. 














ACCESSORY UNITS 
for TYPE 2001-2 
L—For low frequencies 
multi-vibrator type, 40-200 cy. 


D—For low frequencies 
counter type, 40-200 cy. 


H—For high freqs, up to 20 KC. 
M—Power Amplifier, 2W output, 
P —Power supply. 


——4 








This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern- 
ment departments, armed forces—where maxi- 
mum accuracy and durability are required. 


WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 





AVI MCT IM MTIICEe we milliilio kee tito 


580 FIFTH AVENUE, NEW YORK 36, N.Y. 
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fi (x) 





the system arrangement. Blocks G are 
voltage-controlled pulsed attenuators, 
whose transfer functions may have any 
value between zero and one depending 
on the input variable y. The output of 
this system is 


MA. 0 VOLTS 
-K VOLTS 








SAW TOOTH 
ENERATOR 


























(x, y folx) + Gfi(x) + Gf | VOLTAGE | | 
(1) COMPARATOR 
with the values of G,, G., .. . as fol- 
lows y 
G, w -L. ter @ y <a FIG. 3. Circuit for voltage-controlled attenuators—blocks G of Figure 1! 
a 
: oo 4 > : ind the inputs to the attenuators in the National Bureau of Standard 
become y, 5 K, y 2K, et Computer Laboratory with single 
— 
G b lor a / a l oe variable function generators using di 
9 ode circuitry, and has been found to 
Ofory <a Ihe method of obtaining a voltage operate satisfactorily with a sawtooth 
1 for y > (a + 6), ets controlled attenuator will now be cd frequency of approximately 10 ke \ 
Now consider the curves in Figure scribed. Figure 3 shows a block dia typical model provides eight segment 
2, each for a y-value held at an gram of the operation for G Uh having adjustabl lope and break 
arbitrary constant. In order to obtain output of the voltage comparator can points. Such function generators are 
f(x, v) of Figure 1, the following equa be in one of two states, 0 volts or used in many analog computer facil 
tions must be satisfied 100 volts. The output is zero when ities. They are quite flexible, reliable 
ever e is negative and 100 whenever and commercially available from most 
fo (x) = fiz,90 
%, (2 Nu ah = ie @ e is positive. Thus, rectangular output manufacturers of analog computing 
t, (2 tr. b Sy pulses, whose widths are proportional equipment 
: ei to y, are produced at the frequency of The advanta of the described 
rhus the settings of the three (or the sawtooth. The pulse width may ystem are 
more) function generators are speci vary from full on to full off Dhes« 1) Easy settin each function gen 
hed: f(x, y) for values between 5 0 pulses are used to turn the gating tn erator may be set independently 
and y a is given by odes on and off. Thus the output of Advantage mav be taken of the 
y, the gate is a pulse train with an enve movable breakpoints so that many 
gi lope corresponding to f, (x) and a pulse egments may be used in fitting 
vidth proportional to y. For y 0) the rapidl hanging portions of 
Similar equations hold for values of to 4 K, the average value of the i curve and ftewer segment in 
y between a and b, b and c¢, etc., and pulse train is y/Kf,(x). The gain in thi relative! ht portion 
linear interpolation between successive channel varies linearly with v from 0 2) Interpolation is linear-—however, 
irbitrary y-values is obtained to | and then remains at 1. This ci the interpolation may be made 
he equations are general and th cuit then satisfies the requirement fo nonlinear in a prescribed fashion 
function f(x,y) may be set up using CG, outlined above. By the addition of by haping th iwtooth 
any desired y increment. However, it 1 sufficient number of function gen There no limitation on th 
I impler to set the fun hon genera itors and voltage controlled attenua type of cu vhich can be fit 
tors for equal increments K Equation tors, almost any arbitrary function of ted, as long as the frequency com 
| then reduces to two independent variables may be in ponents are within range 
I y—K trumented +) Function ce et are ecasil 
AZ, Y) =Jolz) 4 K? " hk ' Such a system has been constructed hanged 


Do-It-Yourself Precision Function Pots 


( One in ! I Dem ed 
MORTON P. MATTHEW and KENNETH F. CHANNON on " | Nyaa i 
Ci¢ l 4) Ol i ve j 
The Ahrendt Instrument Co. —s ae 
omete! oft ‘ ntag of infinite 
resolution, sim t ft design, com 
pactne nd ‘ t hilm tech 
Resistance film potentiometers can be trimmed by secondary niques have plied to both 
2 - 4 : linear and tentiometer 
resistances much as wire-wound potentiometers. The technique len alter mors ng shened Sle 
described for developing the film shape for a given function tor the resist nent 
. ‘ Accuract tat in be a prob 
should be valuable to those who need a special potentiometer m with film potentiometers, requ 
quickly. Functions can be matched readily to 0.1 percent. ing close cont f the him depo 
tion i hapimn If a fau deg ce of 
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How to get maximum combustion 
efficiency... measure both 
combustibles and oxygen 


Simultaneous measurement of both oxygen 
and combustibles is needed to obtain optimum 
combustion, No instrument that measures only 
one of these two interdependable factors can 


give you the full information necessary. 


Now, Bailey offers two units, each giving a con- 
tinuous and simultaneous double check on 
combustion efficiency: a permanent analyzer- 
recorder which records both factors on a single 
chart; and a new light weight, portable unit 
which indicates both factors. 


Both instruments measure: (1) excess air—re- 
gardless of the fuel or combinations of fuel 
being burned, (2) mixing efficiency of your fuel 
burning equipment by showing per cent com- 





bustibles in the flue gas. Ls 


Both units are designed to increase efficiency 
in the furnace operations of the steel industry, 
on glass tanks, cement and lime kilns, ceramic 
and refractory kilns, steam boilers and also on direct and 
indirect-fired furnaces in the metal processing industries. 


To prevent your money from becoming waste gas, look 


For portable use — 
HEAT PROVER Analyzer 


The famous Cities Service 
HEAT PROVER analyzer 
is now Bailey built and 
sold. Weighing only 25 
pounds, it is a self-con- 
tained automatic analyzer 
including a sampling tip 
and hose plus a thermo- 
couple for temperature 
measurement, 


Instrument dials are dual 
range for greater accuracy 
and sensitivity. 




















ZONE OF MAXIMUM 
COMBUSTION EFFICIENCY 





AL AIR - PER CENT 


ial 


Maximum Combustion Efficiency is secured by keeping the sum of Excess Air 
Loss and Unburned Gas Loss to a minimum. To do so by the direct method sim 
ply measure both oxygen and combustibles in flue gas. 


into these two efliciency provers. A Bailey engineer 
will be glad to give vou details or write us for product 


specifications. 


For permanent installation 
Oxygen-Combustibles Recorder 


The Bailey Ox ygen-Combus 
tibles Analyzer -Recorder 
coordinates both records on 
one chart. These records 
enable the operator to keep 
fuel burning equipment per- 
forming continuously in the 
zone of maximum combus- 
tion efficiency, Excess air 
may be reduced to the point 
where combustibles begin 
to show. 


instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD * 


CLEVELAND 10, OHIO 


in Canada—Baliey Meter Company Limited, Montreal 


132 CONTROL ENGINEERING 








4 a . Sy 
LA' <aAy te FL 
(Q ey) (pat 
{ Q) - (CEN 
ee / \ A 
FIG. 1. Main resistance film is trimmed 


rheostats”’. 


by parallel 








FIG. 2. 


Facsimile paper film can be 


trimmed with knife as shown. 











_——————— — 
FIG. 3. Silver paint simulates infinite 
width film. Constant voltage contours 
easily traced. 

precision — is required, production 
methods must be supplemented by in 
haping of the film on cach 
unit. This has been done automatically 
by a servo-controlled 
tion which reads the 


dividual 


milling opera 
voltage as the 
element is rotated and trims the film 
outline to bring it within the desired 
electrical tolerances 

A patent has been applied for on a 
potentiometer in which the deviation 
f the basic film element are cor 
rected by 
of adjustable padding resistor: 
1 indicate 
tiometer film. The 
varving in width if nonlinear, | 
by a brush at its outer circumference 
he inner edge of the film ha 
bran he 


econdary films in the form 
lh igure 
1 portion of such a poten 
main clement 


wiped 


connected to arc-shaped film 


path which, with their own wipe! 
ict as small rheostats. These rheostat 
ire adjusted to parallel more or less re 
sistance between branches, thus alter 
ing the voltage distribution along the 


main resistance film 


Wire-wound potentiometers have in 


many instance been tapped and 


shaped or trimmed by such secondar 
resistances. Apnlying this principle to 
the trimming of a film potentiomete: 
permits both main and secondary r 
istances to be laid down in the same 
operation as a single film 

l’o verity theories 
film shape of at least one typical non 
linear potentiometer 


made using conducting paper for the 


and develop the 
experiments were 
film element. ‘Teledeltos paper, used 
for facsimile reproduction, proved 
atisfactory for this. It ha 
i resistance of about 


eminently 
2,500 ohm pel 
quare (inch, centimeter, or anything 
ilong the grain. Cut and try method 
working to a scale of about 5 to 1 
qui kly won out over calculation in 
iriving at a film shape for a sine po 
tentiometer. In fact, connecting the 
paper to a constant current source and 
utting it with a sharp blade while 
reading ilong the edge 
turned out to be a quick and effective 
method (see Figure 2). With the con- 
tant current, no shaping of the upper 
end will change the IR drops already 
established 
the paper may be cut 


volt ive 


ilong the lower end, and 
progressive ly 
from bottom to top to give the voltage 
Moreover, th 


value may be pre 


characteristic wanted 
final resistance 
dic ted 


the resistance paper is cut acc ording to 


the constant current is known 
i desired voltage distribution, includ 
ing the overall voltage; and the over 
ill resistance has to obey Ohm's Law 
found that low 
paths can play a 
high resistance path 


It was resistance 


important a part a 
Where the sine 

it YU 
deg, an infinite film width is theo 
retically required. The effect is cor 
however, with a con 


function approaches zero slope 


rectly achieved 


ducting line ilver 


paint Wa usc 










pack Trom 


+) deg, as 


1 the exper t | l 
thre 90-deg pr nt at hout 


hown in Figure 


Che resistance paper was invaluable 
n showing (1) th ible distorting 
fect of the i 1 connections to the 
main film, and vhere the branches 


hould he placed 
field with a pre 


equipote ntial 


lixploring the paper 
qui klv showed the 
line ind led to the 


proper point it which to parallel the 
trimming resistan igure 3 

One quadrant of a 10-n, diameter 
leledeltos pap i¢-function potenti 
meter wa ( tructed complete 
with adjustable mdary branches 
everv 10 deg. and was actually brought 


w 0.1 percent hig 
ph itograph of the 


model omewhiat luttered due to 


within an accu 


ure + show 


idding silver paint t harpen the 


trimming resista 


Ihe model showed that it is practi 
il to shape a film for a nonlinear po 
tentiometer t noderate accuracy 
ind trim it with its own “bootstraps” 


to a highes wcura It also showed 
incidentally, that near 90 deg a small 
error in film shape causes such a negli 


gible error in the voltage distribution 


that one or two trummuing resistance 
may be skippe this region. It is 
nteresting to ite how effective 
paper pot might actually be in 
yan nonmilita ipphi mon 
In translatin ults from paper to 
practice, account should be taken of 
the light nonorthogonality of the 
facsimile paper. Resistance ilong the 
Tain 1 ibout 9 ( it of the re 
istance across tl i For example 
1 film shape be cut out twice 
the second tim th the gram turned 
W) ce in t n between th 
two would af h the tru hap 


Res: Stance fi lee 
S$ (Ay 40 dai Patent iometer 


ZA scale Mock “Pp 
Adjusted «Thin ' % 
luly 20,1984 


FIG. 4. This pot matches sine function to 0.1 percent 
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L&N pH Control takes the bite 
out of acid-tainted waste 


The cooling water pictured is intermittently con 
taminated by the acid operations of a large metals 
producer. When this occurs, it’s piped to an acid 
leak lagoon, with other wastes such as washwater 
from acid tank-cars. But when discharged, the 
combined waste is in close-to-neutral condition, 
thanks to an L&N pH Control System 
assembly, Speedomax® 
Valve Drive. 

Although L&N pH equipment is taking the bite 
out of this highly acid effluent, merely purchasing 
the equipment didn’t assure successful treatment 
The first and most important step was a critical 
look at existing treatment facilities via L&N’s 
unique pH Controllability Analysis. This ap 
praisal of “controllability factors” such as flow, 


electrode 
recorder, Control Unit, 


CONTROL ENGINEERING 





concentration, retention, tells L&N specialists 
whether a process is actually controllable within 
the pH limits required, or what must be done to 
make it controllable. They translate these data 
into the answers you need to engineer an efficient 
treating system. 

Process Data Sheet 700(2) explains this unique, 
successful L&N approach to pH control in indus 
trial waste treatment. Write Leeds & Northrup 
Company, 4918 Stenton Ave., Phila. 44, Pa 


| 
i 
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IDEAS AT WORK 


Permanent Magnet Calibrates 
Temperature Indicators 


This calibrator uses a single reference junction held at constant temperature. Higher 
temperatures are simulated by adding precision millivoltages to the reference junc 
tion voltage. The incremental millivolts are referenced to a magnetic standard 


PAUL B. ROBINSON 
General Electric Co. 


\ cahbrator for 


ture 


precision tempera 
a ther 
mocouple held at a reference tempera 
ture 


indicators usually require 
in an ice bath, a millivolt source 
ind a precision potentiometer to mea 

millivolts. A 
millivolts 
curve 


ure the 
thes« 


couple 


comparison of 

with the thermo 
effective 

indicator 


gives the tem 
Her 
the ice bath and the pot have been 
eliminated, the first by referencing 
the thermocouple to one specific tem 
perature with a resistance bridge refer 
ind the 
ing into the 
millivolt 

temperature 


hese 


constant-current d¢ 


perature seen by the 


ence unit second by introdu 


thermocouple circuit 
corresponding to 
different from the 


wer 


pecin¢ 
refer 
ence obtained from a 
generator 

\ permanent magnet standard is the 
reference for the 
gencrator 


volt ifr¢ 


istor placed in seri 


constant 
which develop the 


urrent 
milli 
increment ro precision ré 
; with the refer 
ence thermocoupl 

lhe calibrating thermocouple is ref 
erenced to 100 deg C by the 
reference junction 
lype HI This 
unit maintains the reference tempera- 
ture t vithin 0.5 deg ¢ it 1 
it the bottom of the diagram 

At the bottom left is the 
which the thermocoupl 
enclosed, ‘The 
fr 


used in GE’ 


round chart recorder 


unit 


how n 


oven in 
junction 1S 
oven is heated by por 
ym the output of an amplifies 
unpliher gets it ignal trom 
that 1 ilso inside 
ind close to th 

ipl The bridge is d 

in balance at the tem pera- 
ture o that any departure from this 
the heat supplied to the oven 
in the 


input 
istance bridge 
the oven thermo- 
igned to be 


reference 


chang 
The 
cnougn $0 
has littl 
perature 
duced 
tempe! 
bridge 

Ihe 


tem is high 


loop gain 
that ambient temperature 
effect on the 
This last 
virtually to 
ifure 


reference tem 
mall effect is re 
zero by ambient 
ompensation in the 


millivolt imecrement 


corre 


_CURRENT REFERENCE 20M 


Magnetic standard 


o- 





A-c error »@ 





signo | Current 3 
omplifier — 




















Output terminals 
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Reference 
ompiifier 
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Calibrator for temperature indicators produce 


sponding to the specifi 


pondin 
prov ided b 


then 
Magnetic standard 


Ihe constant 
the ombination oO 
ird and a ita 
; ton of tl 
h i ? ! i 


t lard by 


indard 
in pare the flux produced by a d 
rect 


| ! 
vith that component of 


current | 


flux produced by a permanent magnet 
ilong a fixed ax When the two 
fluxes cancel exactly, the output 

of . the ti tandard 1 

When the fluxes do not cancel, an a 
error duced Ihe signal 
rted to dc m a 
filtered 


implified 


apie 


ignal pri 
amplified ymnve 
ind 
further 


pha e-sensitive 


Phe 


tiher, 


ignal is then 


kind of thermocouple at 


| 
| 
J 


precise millivoltages corre 


various temperatures 


itput is the 
urrent 1 
ecision ret 
neti tand 
tandard and 
rulate the 
rrespond 
nagnect 
percent 
ind line 
magnet 
ith a mova 
ent linear 
ion, how 
ked to 

of current 
thie tempera 
ion mullivolt 
ing circuit 


pro 


f sumulating any ce 


proper selection 


to Also, it 


rermocouple material 


Can Op 


r 
ven unit 
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NEW PRODUCTS — 


_ 


1-5 Designs of the Month 29-33 Information Display 
6-16 Research & Development 34-44 Control Devices 


LISTING IN GROUPS 17-21 Sub-Systems 45-47 Final Control Elements 


22-28 Measurement & Data Transmission 48-51 Component Parts 


as seen at ISA show 


P-k-P SYSTEM for accurate transmission. 


A new pneumatic clectric pneumatic transmission system 
features long life and high accuracy. No tubes, transistors, or 
intermittent contacts are used. The transmitter requires a 
low voltage de supply and a 3-to-15-psi input signal pressure 
\ change in the input signal causes a change in the electrical 
resistance of a force-sensitive element in the transmitter, and 
this in turn causes a change in the transmission current nece 
sary to restore the balance. A de current output of 3 to 15 ma 
is directly proportional to the 3-to-15-psi input signal. The re 
ceiver 1s very similar in construction, and its function is just 
the reverse. Maximum error below plus or minus 0.25 per 
cent.—Robertshaw-Fulton Controls Co., Philade Iphia Pa 

Circle No. 9 on reply card 


DIGITAL PRESSURE SYSTEM just out. 


Ihe digital pressure system shown here represents the 
latest addition to a group of systems that can be developed 
w ow from a lmited number of “building block” component 
DIGITAL a ; . Pressures are sensed by a miniature electronic transducer, o1 
PRESSURE f ; Nw @ Vibotron Digital Gage, which converts them into an electri 
pee cal frequency related in bandwidth to the pressure range. 
Systems can be arranged for sequential or simultaneou 
multi-point measuring and recording of pressures, for pressure 
ratio computing, and for high-speed recording of a singl 
pressure to produce an optimum data time plot Output 1 
presented as a visual display or, if desired, a printed readout 
In monitoring applications, the information may be used 
for control purposes.—B] Electronics, Borg-Warner Corp., 
Santa Ana, Calif 
Circle No. 2 on reply card 


FROM DC TO 2,000 CPS without compensation. 


Called the Viscorder, this new direct-reading oscillograph i 
said to achieve a flat frequency response to 2,000 cps without 
peaked amplifiers or any other kind of compensation. The 
instrument records directly on paper, thus eliminating th« 
need for powder magazines or other processing. It contains 
six channels on 6-in.-wide paper plus provisions for two tim- 
ing traces. ‘T'races are not limited by adjacent channels; each 
is capable of a full 6-in. deflection peak to peak. Possible 
recording speeds are 0.2, 1, 5, and 25 in. per second, minute, 
or hour. For most of its applications, no amplification at all 
is required. Sensitivity is comparable to photographic-type 
units.—Minneapolis-Honeywell Regulator Co., Denver 

Circle No. 3 on reply card 
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IBMUS NEW RAM for the office 


Combining the storag ipac ity of magnet px 


peed of random acc this new memory unit solve 


problem of continuous or in-line accounting. As shown 


the top photo the RAM file consists of 50 magnet 
irranged in a vertK il tack Both sick of ¢ ich cist ( 
100 recording tracks and each track holds five 100-charact 
ecord ‘hese records flow to and from the memory on an 
electronically controlled acce im. The entire stack rotate 
it 1,200 rpm, while the arm moves up and down and between 
records to reach a particular record in less than a second. I 
ettcct emory stores the equivalent f 50,000 100-column 
master and balance ird inv one of which can be obtained 
vithout nning throu nt ling record 

lollowing the development of the memory unit, a bran 
new data processing system was built. ( illed the RAMAC 
Random Acc« Memory Accounting machin the svstem 
onsists of: Processing Unit containing a magnet 
working storage, a magneti re buffer memory, and 
circuits for data handling and thi c; a Printer 
automatic preparation of report 
Punch, used only as an output device, for kin 
the drum memory in the processing unit; and a Console con 
trol center which houses the reader for a punched card 
nput and from which the rat n interrogate the mem 
ory unit O mii ho hy mplete RAMA(C 

tem 

he well WI VJ ) nagnetic drum data processin 
machine 1 | lable now with uy our of these RAM 
file giving it t il of 24 million digi ‘ indom acc 
memory remote inquiry stations may be connected t 
the RAM 650 system through a 5004t circuit. Any of the 
tations may be used to enter data into a disc memory or 
interrogate the 1 mor ind provid iutomatic ty pew! tten 

POTIs¢ 


Circle No. 4 on reply card 


and APR for the plant. 
Modular design of IBM’s new Automatic Production Re 


cording (APR ystems permits appropriate combinations of 
omponent parts for the efficient handling of a wide variet 
if production data. The Type 9600 Console contains a con 


tro! unit, an automat yVpewr!l ! commutat LOC 


Mopar trnent 
Bottom 


Compartment 
i 


we 
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CRITICAL 
POT SPECS* 





c° @ 


Equipment designers who demand 
more than “shelf item’ specifications, 
rely on CIC for dependable delivery of 
ultra-precise potentiometers. 

The result of CIC research, carbon 
film potentiometers are setting new 
standards of accuracy, life at higher 
speeds and performance reliability. 

CIC has assisted many firms in a wide 
variety of industrial instrumentation, 
military fire control and flight guidance 
equipment. 

Why not discuss your specific re- 
quirements with us? 


*New carbon film techniques assure 
virtually infinite resolution; linearity 
to 01%, sine-cosine to .025%; 
compact ganging; precision ball 


bearing servo construction 


“For Precision Performance... specify CIC” 


Detailed Technical Data 
Sheets available on request. 


COMPUTER 
INSTRUMENTS —+ 





CORPORATION 


npstead Long and. N Y 
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NEW PRODUCTS 


RESEARCH, TEST 
& DEVELOPMENT 


as seen at ISA show 





DIGITAL MULTIMETER 


Positive or negative voltages from 
0.01 to 1,000 volts ac or de, and re 
sistances from 10 ohms to 10 meg 
ohms are readily measured by this 
new digital multimeter. Compact and 
portable, the instrument has three 
manually selected ranges, each with 
a sensitivity of 0.1 percent. All value 

are digitally displayed to three places 
Ihe reading rate of 20 readings per 
second permits monitoring rapidly 
varying voltages without the phase 
lag characteristics of D’Arsonval-type 
meters. Vertically positioned printed 
circuits and a built-in fan assure cool 
operation.—Franklin Electronics, In 

Bridgeport, Pa 


Circle No. & on reply card 





SYNCHRO BRIDGE 


The principle applications of this 
proportional voltage bridge are the 
measurement of synchro electrical 
error and accuracy of position servos 
The bridge is a passive comparison 
device of high accuracy lo attain 
precision, its resistors ar carefully 


aged, sealed in oil, and matched 
igainst NBS primary standards. Each 
of its three arms has 50,000 ohms 
resistance Angular accuracy is with 
in 10 sec of arc Rotation is in steps 

deg, continuous through 360 


() 
deg.—Theta Instrument Corp., Fast 
Paterson, N. J 


Circle No. 7 on reply card 





CIRCUIT ANALYZER 


Chis compact electrical circuit analy 
zer tests SU circuits in just 5 se 
Highly flexible, it can test for all 
types of errors, functionally test re 
lays, solenoids, and other devices, and 
will test any interconnected cable 
vstem for continuity, shorts, and in 
ulation resistance Manufacturer 
claims that nontechnical personnel 
can master its operation in 50 min 
or less Ihe unit will define continu 
ity to the point of rejecting 4-ohm 
continuity resistance as an open Clit 
cuit at currents up to 2 amp, and will 
define leakage resistance to the point 
of rejecting 0 to 200 megohms as a 
direct short.—DIT-MCO, Inc Kan 
is City, Mo 


Circle No. 8 on reply card 


FUNCTION GENERATOR 


A new 5-channel diod function 
generator is completel lt-contained 
except for relays and feren¢ up 
plies len-turn potentiometer ind 
1.000-division dials for both “break 


point ind lope ill the direct 


generation of slopes up to 12 with 


out paralleling of segment Reso 
lution is excellent, and functions once 
set up can be reproduc d later bi 
simply resetting the dial Ihe 
number of segments in each channel 
mav be varied according to the fun 
tion being generated A calibration 
circuit on the control panel permit 


1 function to be set up quickly from 
1 simple plot of the function, elim 
inating the need of an external plot 
ting board.—Reeves Instrument Corp 
New York, N Y 

Circle No. 9 on reply card 
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DC SOLAVOLT, shown part 
sembled here, has major 
identified. It is designed | 
mounting on a standard 

for bench use. Removab 
convenience wher portab { jor b« 
use is desired, are available as accessory 
equipment 


Unique combination of components in 
adjustable “DC Solavolt" regulated power supply 
reduces conventional size, weight, and cost 


Compact size, low weight, high efficiency, and mod 
erate price distinguish the new “DC Solavolt” from 
conventionally-designed, regulated, adjustable dc power 
supplies. These outstanding advantages have been 
secured by using a unique assembly of components 
(shown above) that occupy only 7” of height and 121, 
of depth on a standard, 19” relay rack frame 

Along with design simplicity, the “DC Solavolt” pro 
vides laboratory standards of performance: 

OUTPUT VOLTAGE REGULATED WITHIN = 1% at full 
load with supply voltage variations up to 15%, 

(Regulation within 
voltage setting. ) 


1.5% at 50% load and lowest 


Consiand bor 


SOLA wc rowan sunitves 


CONSTANT VOLTAGE TRANSFORMERS © FLUORESCENT LIGHTING BALLASTS «© 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicage 50, Illinois, Bishop 2-1414 © NEW YORK 35; 103 E. 125th 


RIPPLE VOLTAGE HELD WITHIN 0.10% (rm it full 
load and nominal input voltage 

An important feature of this adjustable de power 
supply is its ability to handle transient or “pulse’’ load 
of up to twice the full load rating of the supply. The 
“DC Solavolt” has no tubes to replace, requires no 
“compensating” or “zero” adjustments, and needs no 
maintenance 

Six stock models provide outputs adjustable in volt 
age ranges between 5 and 400 volts and load-current 
up to 7 amperes. Your local electronic distributor 
has the “DC Solavolt” in stock. He will be 
give you further, technical information 


now 


happy to 


Write for Bulletin 26K-—DC-245 
SOLA ELECTRIC CO 

4633 W. 16th Street 
Chicago 50, Illinois 


MERCURY VAPOR LIGHTING TRANSFORMERS 
St., TRatolger 6-6464 


PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-49868 © BOSTON: 272 Centre Street, Newton 58, Mass., Bigelow 4.3354 © CLEVELAND 15 


9.9431 @ SOLA ELECTRIC (CANADA) 


1836 Euclid Ave., PRospect 1-6400 © KANSAS CITY 2, MO.; 406 W. 34th St., Jefferson 4382 © 
gi loyfe 


LTD. TORONTO 17, ONTARIO, 


LOS ANGELES 23; 3198 £ Olympic Bivd ANgelus 
fair 4 * Z ] th 





NEW PRODUCTS 


VIBRATION ANALYZER 


The portable instrument pictured 
above will measure the acceleration 
velocity, and displa¢ ement of mechan 
ical vibrations from 3 to 20,000 cp 

It measures displacement mall 
as 0.0001 in. and as great a 0 in 

velocities from 0.03 in./sec to 1,000 
in./sec; accelerations from 10 in 

sec/sec to 300,000 in./s« ec (0.03 g 
to 780 g). It can also be used with an 
oscilloscope for the quantitative 
analysis of impact shock and impulsive 
motion \ polarity switch is provided 


=, for determining positive and negative 


peaks of vibration.—Tel 


Des Plaines, Ill 


Circle No. 10 on reply card 


COIL CHARACTERISTICS: is this 
Operating Voltage 


up to 230 volts D.C your 


Resistance: up to 13400 ohms 


Operating Curent dish? Compact and efficient, this Type 27 
005 amps, minimum . . > ° 
‘ = . i 
power relay is designed for maximum 
eliabilit d long life. The ; ature is 
CONTACT ASSEMaLY reliability and long life. TI irmature i 
1,2, 3,400 5 pole supported by stainless steel pins in two 
Single or double throw bronze bushings and the frame is held rigidly 
Contacts: Standard ‘ ‘ 
by brass side plates. Its stationary contacts 
10 amps. non-inductive P , ; 
Heavy Duty: 20 amps. non-inductive are mounted on molded phenolic with 
Special Heavy Duty integral barriers and the movable contacts on 
25 amps. non-inductive Ss 
precision tempered blades. All movable 
blades are preset with locked adjusting screws. TUBELESS DC SOURCE 
MOUNTING: I K 
Four No, 6-32 The restoring spring force is adjustable for ; — 
tapped holes standard accurate setting of pick-up and drop-out. | i¢ transistorizec circuit ¢ 1 on “e 
The two-coil design of Type 27 power relay = on shat ay Z se g - 
phage seta coupled with its efficient magnetic circuit rena . Pigg , ane a ise , sili 
Plug in mounting and terminals ‘ . ‘ ‘ con qaiwde 1S sce i rererence 
olieeeees, ealth provides high sensitivity. — 
solder or screw terminals But whether your dish isa power-ly pe 
Hermetically sealed onemblies relay, AC or DC, or a multi-contact telephone 
Mechanical latching assemblies ‘ 
type relay — you should call 


the “man with the PHILLIPS Plan”, plifier. Input voltage range is 105 to 


Z5 vac, single pha ce, 60 cycles. There 
ire three output voltage 6 vdc, in 


clement, and a temperature-compen 
ated transistor amplifier provides 
control current for the magnetic am 


ternally adjustable by plus or minus 


HERMETIC SEALS, MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS, ACTUATORS 5 pe recent, 5 amp load: 6 vdc, 100 ma 


load: and 2 vde, 40 to 60 ma load 
Sorensen & Co., In Stamford, 
Conn 


Circle No. 11 on reply card 
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Four-color printing register 
controlled within .002 inches 
with Denison Hydraulic Equipment 


R 
6 FLOW REGULATO 


. 1 


Y VAL ve 


apJuSTABL 


HYDRAUL 


| 
| \ RETURN LINE 


pRAIN——~ oF LEAST “\ 


rR | 
CHANCE | \ » DRAIN 
HEAT ey —_ \ | motor ad 


. COPPER 
LU 7) mar Bt fA ad 
= ' 
eTIONS, 


R CONNES 


Did you ever notice how one color overlaps another on the Sunday Each compensator idler is driven from the 


sprocket of this gear reducer which is driven 
by the Denison axial-piston fluid motor. A 
y j 

Getting colors to register properly on high-speed presses is solenoid valve controls motor operation in 

f diff ° response to signals from the compensator 
one of the most difficult tasks in modern printing. But the amplifier. (Below) Selector switches mounted 
HURLETRON register control system, developed by Electric on the end of each print cylinder shaft generate 
Eye Equipment Company and powered by Denison hydraulic electrical signals to indicate the angular posi- 
; tion of the cylinder 

equipment overcomes the problem . . . actually controls register 
within .002 of an inch. 


comic pages? 


Denison hydraulic pumps and motors respond instantly to 
electronically-developed signals, a major factor in the pinpoint 
accuracy of Electric Eye's control system. Only one hundredth of 
a second is required for an adjustment to be made. 

The key to the entire system is a Denison fixed displacement, 
high pressure, high volume vane pump. Denison’s fluid axial-piston 
motor and Multi-Range Flow Control contribute to the highly 
dependable operation of this printing aid. 

Hundreds of similar experiences by equipment manufacturers 
prove how Denison hydraulic pumps and motors solve difficult 


control problems with unusual simplicity. Write for full details. ib) a ih O)," 


DENISON ENGINEERING DIVISION dn Oll , 


American Brake Shoe Co 
1247 Dublin Road . Columbus 16, Ohio 
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CALIBRATOR 


I'his versatile instrument may be used 
for the calibration of wire strain gage 
their transducers, and thermocouples 
It requires no complicated hookup to 
calibrate one-, two-, or four-arm 
tems (he instrument — us the 
electrical equivalent method of cal 
ibration and saves time by making 
dead-weight testing mnecessar' only 
once for each transducer Applied 
loads are read directly in force, accel 








eration, torque, pressure, et and 
tedious arithmetic is eliminated in 
linearity checks. Accuracy is within 
plus or minus 0.05 percent, while the 
total thermal emf is | than 3 
Illustrated above is a seven-stage servo microvolts.—Allegany Instrument Co 


Metuchen, N. J 


storage unit designed and built by Bow- 
9 9 a oo Circle No. 42 on reply card 


mar Instrument Corporation in its Fort 


FUEL CONTROL 


Wayne engineering an : 
ASSEMBLY y gineering and manufacturing 


plants. It is one of many such ultra- 
precision assemblies created by Bowmar 


for use in military and industrial control 
1062 
SPEED REDUCER systems. Here is one more example of 


2 Bowmar’s skill and experience in the 
16 


LONGITUDINAL control instrumentation field . . . one 
COUNTER 


more reason why more firms are using 


Bowmar’s facilities for their most serious 





projects. 
Manufacturers of Utilizing the elution method, a new 
PRECISION ELECTROMECHANICAL ASSEMBLIES, PRECISION vapor phase chromatograph will han 
SPEED REDUCERS, GEAR HEADS AND MECHANICAL COUNTERS dle a variety of compounds including 
liquids with boiling points up to 
deg ¢ I'he instrument nsists of 
SEND FOR BROCHURE 
two units The analyzer unit (top 
contains the sampl troduction 
mwIV\ ¥ system, chromatographi jlumn 
ty thermostatic heating system, and dé 
: tector Ihe control unit (bottom 
TULA AYU CORP. contains the power input and 
> tribution system ITTicl ra flow 
2200 PENNSYLVANIA STREET «© FORT WAYNE, INDIANA controller, and detector circuit con 
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save panel space with LAMBDA d.c. power supplies 


nn 0-9 





ourrut wourace 


NEW COM-PAK SERIES 





Le 
rs 


19” 


MODELS RANGES AND PRICES 


Model! Output Voltage’ Output Current’? Base Price’ 
c-280 0-200 VDC 0-200 MA 184.50 
c-281 125-325 VDC 0-200 MA 159.50 
C-282 325-525 VDC 0-200 MA 169.50 
C-480 0-200 VDC 0-400 MA 259.50 
C-481 125-325 VDC 0-400 MA 244.50 
C-482 325-525 VDC 0-400 MA 259.50 
C-880 0-200 VDC 0-800 MA 340.00 
c-881 125-325 VDC 0-800 MA 315.00 
C-882 325-525 VOC 0-800 MA 360.00 


DC OUTPUT (regulated for 
Voltage 


Current 


Regulation (line) 


Regulation (load) 


Transient Response 
(line) 


Prices 


and apecifications effective November 1956, subject to 


\For metered models add suffix ‘M"’ 
to model and add $30 to base price 
(For example C-281M, $189.50.) 


line and load): 

Refer to chart above 

2Voltage range for any given model 
is completely covered in four con 
tinuously variable bands 

Refer to chart above 

‘Current rating applies over entire 
voltage range 

Better than 0.15% or 0.3 Volt 
(whichever is greater). For in 
put variations from 105-125 
VAC. 


Better than 0.25% or 0.5 Volt 
(whichever is greater). For load 
variations from 0 to full load 


Output voltage is constant with 
in regulation specifications for 
step-function line voltage change 
of plus (+-) 10 volts or minus 
(—) 10 volts rms within the 
limits of 105-125 VAC 


Transient Response 
(load ) 


Internal Impedance 
C-200 Series 
C-400 Series 
C-800 Series 
Ripple and Noise 
Polarity 


AMBIENT TEMPERATURE 
AND DUTY CYCLE 


AC OUTPUT 
(unregulated ) 
C-200 Series 
C-400 Series 
C-800 Series 


AC INPUT 


OVERLOAD PROTECTION: 


External Overload 


Protection 


Internal Failure 
Protection 


CONTROLS: 


DC Output Controls 


AC and DC Switches 


hange without notice. 


*trademark 





Output voltage is constant with 


in regulation specifications for 


step-function load change from 
0 to full load or full load to 0 
Less than 6 ohms 

Less than 3 ohms 

Less than 1.5 ohms 

Less than 3 millivolts rms 


Either positive or negative may 


be grounded 


Continuous duty at full load 


up to 50 C (122°F) ambient 
6.5 VAC (at 115 VAC Input).* 
10 AMP 
15 AMP 
20 AMP 
‘Allows for voltage drop in connect 
ing leads. leolated and ungrounded 


105-125 VAC, 50-400 CPS 


AC and DC fuses, front panel, 


with built-in blown-fuse indi- 
cators 
Fuse, rear of chassis 


Band-switches and screw-driver 
adjusting 
of chassis 


vernier-control reer 


Front pane! 


GERMANIUM RECTIFIERS TRANSIENT-FREE OUTPUT - HERMETICALLY SEALED TRANSFORMERS 


These new and compact power supplies occupy a 
minimum of space, deliver maximum perform- 
ance. They are without qualification the finest 
power supplies in Lambda’s long experience. 
The 400 and 800 MA series include new, more 
efficient longer lasting germanium rectifiers, All 


Com-Pak models are constructed with hermeti- 


cally sealed transformers and chokes. Completely 


f except in 200 MA series 


protected from moisture, they can be depended 
on for long trouble-free service. 

These new Lambda power supplies represent a 
major advance in thermal and mechanical design, 
and in outstanding performance. Send in your 
first order now for priority in handling, 


SEND FOR NEW CATALOG. Complete specifications for 


all Lambda Power Supplies. 





11-1) 13157 STREET, 
COLLEGE POINT 56, N.Y 


Cable Address: Lombéetron, Hew York 


‘SERIES o- -200, 125-325 and 325-525D.C. VOLTAGE RANGES 


LAMBDA 


Electronics Corp. 
The First Home in Power Supplies 


, 














SANG HIROIN 


DEPENDABLE CONTROL MOTORS 


Synchron 
Tibigelsliia-t) 
NEW 

slow motion 


timing motor 


Actual size 





® guaranteed 20 in. oz. at 1 r.p.h. (1/60 r.p.m.) 
® dependable power for automatically 
operated controls of all types 


Here's new slow motion power engineered into the same small 
Synchron size... the new 1 r.p.h. motor. Designed for use in switches, 
timers, and special control applications . . . eliminates need for extra 
gears between 1 r.p.m. and 1 r.p.h. in intermittent time trains; pro- 
vides a gear train with lifetime lubrication, enclosed and trouble-free. 

Optional 1-way or 2-way clutch. Speeds RPH: 0.8 to 120.0 at 60 
cycle; 0.8 to 100.0 at 50 cycle; 1.0 and 2.0 at 25 cycle. 


SYNCHRON RPM MOTORS 
8 in. oz. Timing Motor 


Dependable, long-term power. Used in timing machines, time 
switches, heating and air conditioning controls, and other timing 
devices. Guaranteed to pull 8 in. oz. load continuously at | r.p.m. 
Like all Synchron motors, it operates smoothly, evenly in any position; 
at temperatures from — 40° to -+-140°F.; starts instantly under load. 


20 in. oz. Timing Motor 


Ideal for timing motor applications in controls requiring continuous 
power and high torque. Instant starting, dependable acccuracy, and 
flexible installation. 


fill out reader service card or contact representative: 


HANSEN MFG. CO., INC. 


PRINCETON 14, IND. 


synchronous motors, timing machines, 
clock movements, magnatorc D.C. motors 





HANSEN REPRESENTATIVES: 
The Fromm Co., 5254 W. Madison $t., Chicago, tll. © R. H Winslow Assoc., 123 E. 37th St., New 
York, N. Y¥. © Electric Motor Engineering, inc., 8255 Beverly Bivd., Los Angeles 48, Cal. ond 3907 
Lyon Ave., Oakland, Cal. © H. C. Johnson Agencies, Inc., Rochester, Buffalo, Syracuse, Binghamton, 
New York. 
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trols [Temperature of the analyzer 
is adjustable from 60 deg C to a 
high as 250 deg C and regulated to 
within 0.5 deg ( Consolidated 
Electrodynamics Corp Pasadena, 
( alif 
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FUNCTIONAL DESIGN 


his brand new portable oscillograph 
incorporates many interesting feature 
to achieve a trully functional design 
The front panel is divided into visual 
and manual areas by means of an 


offset cast frame. New lettering styles 
and new control knobs are used 
Knobs are arranged in basic “block 
of function” and sharp, contrasting 
colors simplify reading. The use of 
fall-away side panels reduces down- 


time for adjustments or replacement 
High stability is achieved by an in 
ternal, self-regulating power tran 
former and an electronically regulated 
B+ and high voltage power supply 

Allen B. DuMont Laboratorie 
Inc., Clifton, N. J. 
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VIBRATION TESTER 


The new vibration testing machin 
shown here features a rugged cast 











ee Sart veneer tee ges G8) % 





for industrial control 15 tumes more reliable 


With Cypak* control you can introduce a whole new concept of 
reliability for industrial systems. Unlike the mechanical relay, 
CYPAK has no moving parts. While twenty million open-close cycles 
is usually the maximum life of a mechanical relay, CYPAK system 
can handle that many cycles in days, without a trace of fatigue. 
Down time due to wear, corrosion, or jamming no longer throws a 
block to expanding control system responsibility. 

One reason for CYPAK dependability is Westinghouse Hipernik® V 
magnetic steel. In toroidal coils, this high-grade steel produces sharp 
current amplification to parallel the mechanical relay step function 
These important magnetic characteristics are completely protected 
by sealing each CYPAK component panel in a solid plastic block, 

Look into all the new opportunities in CYPAK by calling your 
Westinghouse sales engineer today. j4 


*T rademark 


Write today for your free copy of The Whya and Whereforea of Cryrax, Booklet 
B-6584. Westinghouse Electric Corporation, 3 Gateway Center, P. O. Box 868, 


Pittsburgh 30, Pennsylvania. 





WATCH WESTINGHOUSE 


WHERE THE FUTURE /1S ALREADY IN PRODUCTION! 
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You get 


MIE PLUS 


im Moeller 





Thermo-wells 
Separable Sockets 


Thermo-Couple 


Protecting Wells 


~ 









MOELLER the standard of 






BS For information on these 


and Tubes 








our business is the 

design and manufacture of 
temperature measuring 
and has been since 1867. 





Close to 90 years A 


of experience in this field = 


has made the name of 


ai 


MOELLER 


1 COMPANY 


NAME 
FIRM 
ADDRESS 
CITY 


Gentlemen: Without obligation, please send me Moeller 
Catalog No. 150 on Thermo-Wells, Separable Sockets, Ther- 
mo-Couple Protecting Wells and Tubes. 
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iluminum base which house the 

drive motor and variable-speed mech 

anism Linear sinusoidal motion i 

imparted to the flexure mounted table 

through a connecting rod driven by 
, 


a ball bearing mounted eccentric 


cam \ cone type iriable peed 
drive powered by a 1/15-hp plit 
phase motor drives the cam re 


quency adjustment provided on 
the front of the machine implitude 
setting at the top right side of the 


table. Important specs are as follows 
P frequency: infinitely variable, 10 to 
»> cps 

P amplitude: infinitel iriable, 0 to 


0.040 in 

P test load: 5 lb maximum 

The Ahrendt Instrument Cx Col 
lege Park, Md 
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PORTABLE PYROMETER 


Equipped with nine interchangeabk 
direct-reading scales, this potentiom 
eter pyrometer is said to be the only 
single temperature testing unit that 
can be used with six types of ther 
mocouples. It check nd calibrate 
ny temperature instrument that 
operates in the range of to 3,215 
deg F and measures the dc potential 
of electrical equipment between 0 t 
155 my The unit j ccurate to 
within 0.16 percent of scale span. Its 
slidewire resolution exceed +,000 


increments, and its effective open 
scale length is 50.5 in Scales can 


be changed in 30 se No charts, 
graphs, or conversion tabl ire 4 
quired ( omplete ly elt-contained 
and with a built-in power: upply 
the pyrometer weighs only 14 Ib 

lechnical Associate In Indian 


apolis, Ind 
Circle No. 16 on reply card 














PHILCO 


Silicon 
lixelaitivela: 


PNP Silicon 
Surface Alloy 
Transistor 


Unmatched performance and reliability! Characteristics 
assured by extensive life tests under typical operating condi- 
tions. Philco PNP Silicon Transistors make practical 
complete transistorization of military and commercial circuits 


—where high ambient temperatures are encountered 


Philco Silicon Transistors are now in pilot production and 
immediately available for initial design work. Specify Type 
T-1025 for amplifier, oscillator and low level general pur- 
pose applications and Type T-1159 for high speed switching 


applications. 
FEATURES 


© HIGH TEMPERATURE PERFORMANCE @ VERY LOW LEAKAGE 
CURRENT © HIGH SPEED © SUITABLE FOR DIRECT COUPLING 
@ LOW SATURATION VOLTAGE © ABSOLUTE HERMETIC SEAL 


Make Philco your prime source of information on 
Silicon Transistor Applications 


Write to Dept. CE, Lansdale Tube Company Division, Lansdale, Penne. 


Collector Current — Milhamps 


(—2.. 


25 


% of Value at T, 






Characteristics of Types T-1025 and T-1159 
el _{% = 25°C) 


harac teriatix Cond ypical V © 
1 ! 
( alu 


( urrent Amplification 
Fac tor, h , 
_ : 
Output ( “pacitance 
r . 


Maximum Oscillation 
requency, f... 
ee 

Cutoff ( urrent, 


eno OF Ten, 


Vig or V, 2 
Maximum Power Dinsipatior 


Maximum Collec tor Voltage 


Wl E ET 


Vv 
& Junction Temperature 








NEW PNEUTRONIC* LEVEL CONTROL | [ wew prooucrs 


brings speed and simplicity to Pneumatic Control SUB-SYSTEMS 


asseenatISAshow ... 





ROBOT-EYE. 

Miniature photoelectric control com 
ponents, featuring  swivel-mounted 
light source and photocell units, are 
now available for mstallation in tight 
places. Cell unit uses a cadium sul 
fide cell fer long life and high sen 
sitivity. Control circuits, signal lights, 
and counter are housed in a_ heavy 
steel case which can be remotely 
installed. ‘The units will follow 600 
operations per minute and can work 
from direct beam, reflection from the 
passing object, or mirror reflection. 

The new Fielden Pneutronie Level Control now provides propor- Standard Instrument Corp., New 
tioning pneumatic control without the disadvantages of mechanical York, N. Y. 

systems. Pneutronic Level Control integrates electronic and pneu- 
matic units in a null-balance system for simple, dependable 
level control. 





Circle No. 17 on reply card 


Electronically, the Pneutronic Level Control features the versatile 
electrical capacitance method of measurement. As a result, it can 
be used with a simply-designed probe to detect minute changes in 
the level of any liquid, powder, or granular solid--conducting or 
non-conducting. The resulting change in capacitance changes 
output air pressure directly, and this output air then feeds back 
to balance the electronic circuit directly. 





Send the coupon today for more ideas on how Fielden Simplified 
Instrumentation can solve your problems. 








PNEUTRONIC @ Null-Balance System @ No moving partsin vessel 














LEVEL CONTROL © Only one radio tube © Controls water level up to AIR CON RC aL. 
FEATURES © Control pressure 3 to 1%" span, hydrocarbons Shown is a }-lip variable speed drive 
15 psi up to 8 unit with a pneumatic operator. The 
control operates on a 3-to-15 psi signal 1 
* d kk 5 
ehecicatas originating from liquid level, pres 
ons é. sure, or flow rate devices, or from 
other transducers. ‘The control signal d 
a ® TS san asamay can also be transmitted from a pneu 
x Shaina euaEntaeiiner teianeen matic recorder or controller. Norma] 
(Dept. $) 2920 N. 4th St., Philadelphia 33, Pa. ai wee wees & Caaieed ‘at 5 pe 
c ; wen and maximum speed at 15 psi. 
ease send me technical bulletins: However ther ed ymil t 
[_] PNEUTRONIC Level Control [_] TELSTOR Continuous Level Indicator can be art iene T ' er res wees 
[-] TEKTOR Capacitance Level Control | | TEKTOLOG Recorder-Controller ; Re 


a variety of built-in reducers, includ 
ing spur and worm types. They 
are sold with or without built-in 


[| Fielden RF Capacitance Nuill-Balance Recorder 











Pi aid cadiniaiehinelatieilininiiintinennie ae * ntiithts 
motors. Larger units are available 
COMPANY... __________.________ADORESS. a up to 3 hp. Graham ] ransmuissions, 
AE SE ee ll ( lO Ee Inc 9 Menomonec Falls. Wis 
CE ER a Se SE ee ne Circle No. 18 on reply card 
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FAST e ACCURATE 
AUTOMATIC DATA PROCESSING 





RADIATION, INC. 
DATA 
PROCESSING SYSTEM 


“+ 





b 
Whatever form your original data is in - - - Features 
@ direct analog voltages @ High-speed operation 
@ output from any telemetry system @ Automatic programming 
@ Digital operation tt hout 
@ output from most data collection systems 9! ee 
@ Extreme accuracy 
---- this equipment converts the raw data, @ Instantaneous Quick-Look analog plots 
either analog or digital, to digital information @ integral zero-shift, scale factor, 
acceptable by high-speed computers and linearization 
. ‘ Address all inquiries to Dept. A 
P. O. Box 37 Let us show you how this system can fit your 


Melbe 2, Florid 
ey See specific data handling problem. Write for 


complete information 


RADIATION Inc. “2° 


alYadcelalliecM-WalelallacMce laltactlailcialelitela 
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GIANT SPECTROMETER 








The photo above show a 4-size 
scale model of a new giant spectro 
meter [his system is capable of 


analyzing and indicating the percent 
concentration of as many as 18 ele 
ments in a metal in less than 60 se 
hese 18 may be selected from 60 
different clements which the direct 
reader is capable of measuring. On 
the left in the photo is the direct 
reading optical and electronic unit; 
at the right, the indicator consok 
Ihe miniature scale model should 
enable engineers to become familiar 
with the appearance and_ general 
operation of the instrument.—Baird 
Associates, Atomic Instruments Co., 
Cambridge, Mass 

Circle No. 419 on reply card 
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COMPACT + ACCURATE + RUGGED rr 


Throttling 500 Series Bantam Diaphragm Control 
Valve with Top-mounted Moore Positioner.* 





High Lift-Positioning Accuracy 
Low Cost — Weight — Size x 
ns unique magnetic memory system 


Valve Sizes 1” Screwed or Flanged to ‘e” Screwed. is especially designed for delayed 
Trim Cv 12.0 to 0.001. control of high-speed continuous pro 

: cess lines and automatic sorting of 
Pressures — 0 to 2000 psi. 


DELAYED CONTROI 





items moving through complex con 





Temperatures Minus 400 to Plus 1000° F. vevor systems In a typic al applica 
tion, an error or defect signal 

*Other Positioners and Instruments Mountable on 500 Series Valves magnetizes a sector of a steel dis¢ 
Write us for complete technical information, or the address in the memory unit Phe disc 

of our representative in your area. rotates in synchronism with the pro 

cessing or conveyor lin Measure 


ments are read off the disc at the 
time the defective material reaches 
the action or sorting point. Readout 
is totally independent of line speed 
After readout, the disc is erased and 

Circle No. 24 on reply card 
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shone quontity 
volume quantity 
for idcnodiots 

delivery 





STANDARD TYPES OR TO YOUR SPECIFICATIONS 


The extremely desirable diode characteristic of high conductance 
with low forward resistance offers no problem to Radio Receptor 
due to our special gold bonding process. Without sacrificing im- 
portant low leakage in reverse current we are able to produce these 
dependable, low cost glass units on a production basis. 

The four types shown below only suggest the comprehensive 
range of standard high conductance types we are equipped to make 
— Bulletin G-60 lists them all. Besides, we will be glad to evaluate 
your particular needs and quote on any specials called for by your 
specifications. For full information, without obligation, write 
today to Dept. C-1. 





DR 309 400 100 10 @ 10V; 50 @ 50V 

DR 327 300 125 100 @ 50V 

DR 330 300 100 19 @ 10V; 50 @ 50V 

OR 308 200 100 10 @ 10V; 50 @ SOV 
Semiconductor Division 


RADIO RECEPTOR COMPANY, INC. 
Radio and Electronic Products Since 1922 


240 WYTHE AVENUE, BROOKLYN 11, N.Y. EVergreen 86000 


Other Radio Receptor Products: Selenium Rectifiers, Thermatron Dielectric Heating Equipment, 


Rador, Navigation and Communications Equipment 
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ee Brighter Future 


P Technicians 


ready for reuse One system will 
accommodate one or two sorting 
stations. Each system consists of 


a control unit and a memory unit 
as shown above.—Automation, Inc 


Wellesley Hills, Mass 
Circle No. 20 on reply card 


Fot Electron! 
3 In Atomic Energy 


CONTROL UNIT 


A new proximity transducer system 
utilizes the principle employed in 
military mine detectors to sense the 
presence of metal objects without 
direct contact. ‘The instrument will 
sense metal objects up to } ip away 
through such nonmetallic substances 
as plaster, paper, pasteboard, or wood 
at rates up to 1,000 units per second 
I'wo systems are available: a “B” 
system used primarily with clectroni 
equipment, and an “RB” system 





Dear Mr. Hoopes Mr. Robert H. Hoopes, Personne! Section, A.N.P.D. contaming an SPDT mercury relay 
I'm interested in full details General Electric Co., P.O. Box 132 for controlling electrical machinery 
about an opportunity at Cincinnati 15, Ohio Counting operations, motor or valve 
Genera! Glectic se on control, and the actuation of warning 
Electronic Technician. Please NAME ie = ; ; ° 
send me more information devices are a few of its apphi ations 

| understand all replies are STREET Elec tro Produc ts Laboratorie¢ 5. Chi 
held in strictest confidence city STATE cago, Il. 
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=== ELECTRONIC TECHNICIAN =qy==¢ === 
a — —— oo EXPERIENCE (QACCK —> 


Check items listed below indicating approximate MEASUREMENT & 


months or years of Electronic Technician experience 


Yrs. Mos i DATA TRANSMISSION 


[) High School [) Printed Circuit Dev 
& Fabrication 





Correspondence School 
Gene borato 

[} Technical School a - adie d as seen at ISA show 

evelopmen 

Se School 

t Military re Slower Test ¢ onstruction 

College 


Math.-Algebra-Trig. Calculus 


Nuclear Reactor Controls 
Servo-Controls 


[ 
| DO i 
{} Electrical Drawing Radar - Sonar - Loran 
f < ' « 
{} Radio & TV Servicing Radio Communication 


[} Testing & Trouble Shoot Maintenance 
¢ ‘ i ene 
Electronic Equipmen LFF Sind Control Systeme 

. . le 
Fabricate - Assemble Magnetic & Dielectric Circuitry 


Wire Electronic Equipment 


Most Specialized In 





NEW FLOW ‘TRANSMITTERS 


‘Two new flow transmitters, an ele 
trical model shown here and a pneu 
matic model not shown, feature 
complete — interchangeability Both 
have the same rotameter extension 
unit and the same interchangeabk 
armature unit. On _ the electrical 
transmitter, the armature movement 
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o ir ba wb = oo 


DC.VTVI usegRIRP X chopper 


ore 39 




















RATING ON TYPE 300 CHOPPER 


Drive: 6.3 volts at 400 CPS 

Contacts: up to 100 volts at 2 ma 
Dwell Time: 147 
Phase Angle: 65 electrical degrees lagging 
Noise: 


electrical degrees 


200 microvolts average across a 1 megohm 
resistance into a band from 20 CPS to 50 
KC from each contact to ground 


Hermetically sealed for maximum life under al! 


ambient conditions. Available to plug into a 
7-pin miniature tube socket, or with solder lugs 


and flange mount. 


MIDDLE RIVER 


BALTIMORE 20. MD 













Zero Drift 
Is 0.5% Maximum 


An Airpax Type 300 chopper gives this panel- 
mounting instrument several unusual character- 
istics. It has a 5-megohm input impedance, yet 
With it you can read 


high as 300 


maximum drift 
is low as 500 DC 


only 0.5% 
microvolts and as 


ye 


DC volts, both to an accuracy of 3 


You may have another eq ipme nt that can 
Why 


us today’? Airpax 


Seaford, 


benefit from a « hopper to convert DC to AC 
not discuss your problem with 
makes the chopper (Trio Lal» 


New York makes the VIVM 


iratorics, 





Gearhead 
Motors 


permanent magnet type with 


BARBER 


COLMAN 





maximum torque output 


from 5 to 10 pound-inches 





Here are permanent magnet gearhead 
motors that can be used as smal! actuators 
to drive switches, programming devices, 
camera mechanisms, autopilots, flight 
simulators, and for remote positioning in 
industrial automation. Ideally suited for 
variable speed requirements due to ex- 
tremely stable characteristics over a wide 
range of supply voltage. The standard 
Barber-Colman BYLM motor with gear 
head, as illustrated, is supplied with out 
puts up to 1/10 hp and speeds from 
5,000 to 20,000 rpm less gearhead. Gear 
ratios for unit shown are available from 
9.5 to 55,446/1. Maximum torque out- 
put from 5 to 10 pound-inches (other 
type gearheads available with outputs up 
to 500 pound-inches). Send for free 
technical data 


The complete 
line of 
Barber-Colman 
d-c motors 





. includes both permanent magnet and 
split series types in various mount 
ings and speeds with outputs up to 1/10 
hp. Ideally suited to power electro-me- 
chanical actuators, switches, and pro- 
gramming devices. Also available with 
gearheads or blowers for special applica- 
tions. Whatever your problem involving 
smail d-c motors, let Barber-Colman 
Company engineers help you find the so- 
lution, Write for free Catalog F-4344-3. 


Barber -Colman Company 


Dept. K, 1448 Rock Street, Rockford, Illinois 
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varies the force on a strain gage 
clement; this same motion in the 
pneumatic model initiates a force 
balance loop. The pneumatic trans 
mitter is available with or without 10 
percent drop-out bellows which 
might be desirable where flow is to 
be integrated. This drop-out features 
plug-in construction, and can be re 
moved at any time should re 
quirements change. Gage on the 
pneumatic model indicates output 
pressure and percent of scale.—Brooks 
Rotameter Co., Lansdale, Pa. 


Circle No. 22 on reply card 





CAT’S EYE CELL 


This compact photoelectric control 
is available for a wide variety of appli 
cations. A few of the operations to 
which it could be applied are count 
ing, sorting, color matching, level 
detection, and edge registration. ‘The 
unique cat’s eye receiver and efficient 
optical system permits close control 
position The slit can 
be rotated to any desired position, 
and lends itself to readout with a 
suitable optical shaft position indi 
cator.—Mason Instrument Co., 
Mount Vernon, N. Y 
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ACCELEROMETERS 
Available in three models, these new 
standard accelerometers are well suit 
ed for vibration measurements over 


a wide frequency range of operation 
The units will reveal high order hat 


of machine 





monic components of vibration, and 





NEW METER-RELAYS 


FROM 0-5 MICROAMPERES-UP 


Ruggedized - Sealed, Black Bakelite or 
Clear Plastic Cases 
D’ Arsonval 
meters 
with locking con- 
tacts for sensitive 
and accurate 
control or alarm. 


TRIP POINT AD- 
JUSTABLE to any 
point of scale orc, 
Sensitive to changes 
os little os 1%. One 
contact on moving 
pointer. The other on 
adjustable pointer, When pointers meet, contacts 
close and lock, Holding coil wound on moving coil, 
Locking is electro-magnetic. Manual or automatic 
reset. Spring action kicks contacts apart. 
Ranges: From 0-5 microamperes, 0-5 millivolts 
or 0-300°F up. 
Standard Contact Rating 5 to 25 milliamperes 
DC. Can be up to 100 milliamperes DC. 
Ruggedized-Seuled metal cases, 22", 3%” or 
4” round, shock-mounted movement, gasket- 
sealed. 
Black Bakelite case, 4” rectangular. 
Clear Plastic coses, 22", 3%" or 4'2” rec 
tongular. 
Panel meters and indicating 
pyrometers also in rugged- 
ized-sealed, black bokelite 
or clear plastic cases. Write 
for new 40 page Catalog 
4A on meter-relays, meters, 

Model 255-C,0-190 Pyrometers and automatic 

V DC $42.50 controls. 
Assembly Products, Inc., Chesterland 22, 
Ohio, HAmilton 3-4436 (West Coast: Desert Hot 
Springs 22, Calif. Phone: 4-3133 & 4-2453). 
Booth 106-7, Automation Show 
Nov. 26-30, Trade Show Bidg., N. Y. C 








Model 461-C, 10-0-10 
Va DC $83.25 





VOICE COMMUNICATION 





p.us Control 


RFL 
Model 983 


OPERATES OVER 
WIRE CIRCUIT 


® 
OR MICROWAVE V 4 
‘ oicon 
2-Way VOICE plus CONTROL 
Clear Voice Terminal 
and Provides two, reliable 


frequency shift control 


Reliable hannels at 2800 & 3000 
channels a 
Control cps isolated from voice 


e by filters. Isolation trans- 


formers allow connec- 

Frequency- tion to balanced wire cir- 
Shift cuits. Interchangeable 
Fail-Safe plug-in components and 
Operation 


printed circuit boards are 
e ceiver and power supply 





used in transmitter, re- 
1 sections. 
of many RFL terminal 
units for control, tele- 
$2) yp 
: or data transmission. 
Write for Technical and Application Data. 


Zs The VOICON is one 
i metering, teletype, voice 
Kado Frequency 





LABORATORIES, INC. 
Boonton, New Jersey, U.S.A 








NEW PRODUCTS Searr | Cmall 


COLMAN 
Be ee a teria} Motore 


for noise reduction problems. ‘Ther 
is no phase shift between applied 


| a aabeed Chosen by Times Facsimile Corp. 
icccicrahion inc gycncratcc outpu 
voltage and the units are sensitive to power Weather-Fax automatic map and chart recorder 


only to the vector component of 











acceleration lying along their axes 
lor constant velocity of vibration 
output is directly proportional to 
frequency, and for constant displace 


Twenty-four hours a day, over a 22,000 mile network, Weather-Fax 
facsimile recording machines automatically reproduce weather 
maps, charts, drawings, other pictorial data Io do this, each 
Weather-Fax drive system is synchronized with Weather Central 
ment it is proportional to the square in Washington, D. C. Power to drive the recording stylus mecha- 
of the frequency Dynamic range nism in the recording unit is supplied by a Barber-Colman KY AB 
are from 0.001 to 500, 1,000, or unidirectional motor. Reasons for choosing this motor as reported 
2,000  g; frequency ranges from 10 by Weather-Fax makers are It pro- 


to 15,000, 30,000, or 50,000 ep vides more power for its size than 
Massa Laboratories, Inc., Hingham other types; has low inertia and 


Mass 


high starting torque, the latter 
Circle No. 24 on reply card an important advantage in this 
particular application Reliabil- 
ity was another factor in its se- 
lection 


CHOICE OF ELEMENTS 


\ series of indicating temperature 
controllers built around interchange 
ible elements is now available Unit 
offer high accuracy and rugged con 
struction Ihe wide choice of inter 


changeable elements permit the user 
to tailor the control to the applica 
tion Kach major clement—i.« 


witching and indicating mechanism 
witch type, temperature range, hou 


ing, bulb diameter, and capillary the complete line of Barber-Colman motors includes uni- 
length—is available in at least several directional, synchronous, and reversible motors up to 1/20 hp 
variations or ratings. Features com With and without reduction gearing open or en at vate 
mon to all models are: set-points closed types. Expert engineering service available to . 
casily adjusted by means of knobs help you get the exact motor for your application * 
on the front panel, bulb temperature Write today for free copy of Catalog F-4271-6. Lees 


indicated on the lower half of the 

dial, units case-compensated for am 

bient temperatures seca 50 pa Barber-Colman Company 
150 deg F, and easy access for ad 


saint eh deiian' ley Unt Gell DEPT. K, 1248 ROCK STREET, ROCKFORD, ILLINOIS 


Fenwal Inc., Ashland, Ma 
Small Motors .Automatic Controls.industrial Instruments.Aircraft Cont s-Air Distributio 


n Products 
Circle No. 25 on reply card Overdoors and Operators « Moided Products «Metal Cutting Tools «Mact 


ne Tools. Textile Machinery 
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NEW PRODUCTS 


as seen at ISA show 


GAGE MOVEMENT 


A pressure gage is nov 
which incorporate 1 patented 

I movement Rack, pinion, and 
hairspring assembly are climinated 
lhe new movement uses a long de 
flection constant force pring Mi 
tion of the sector is transmitted t 
the pinion through th pring 
Sector rotation is converted to 
ponsive pointer rotation 1 1 rat 


of pimion radius to ctor radiu 


lhe gage is said to offe: eptionall 
long life in pulsating tems where 
thr implitude indicated by the point 
er is under 30 deg of full ale 


7008 SERIES 400 CYCLE ELAPSED TIME INDICATOR 1 
Norden-Ketay ( OrTp N i York, 
N. } 


HAYDON fume sens | ~*~ 


6700 SERIES 400 CYCLE TIMING MOTORS 


ae split seconds — or minutes and hours — dependable accuracy is 


essential to highest performance and to the safety of plane and crew. 


Designed and developed specifically to provide the precision time measure- 


ment essential to sky-blazing progress, HAYDON 400 cycle timing devices 
are tested and proved by thousands of hours in the air. 


Included in this compact, rugged line are: 6700 Series Hysteresis-Type 
Timing Motors, 7008 Series Elapsed Time Indicators, 5103 Series Time Delay 
Relays, HAYDON d-c motors include: 9200 Series, calibrated and uncali- 


brated; 9250-F Series with RF filter. 


If your performance goals demand precision time control . . . COUNT ON 
HAYDON,., Call in the nearby HAYDON Field Engineer; write for his name 
and for informative catalogs on HAYDON Timing Motors and Devices. 


* Trademark Reg. U.S. Patent Office | ( RC I | R ANSDI ¢ } RS 
HA YDON ( mbining the proving 1 mad dit 
A SUBSIDIARY OF GENERAL TIME CORPORATION f ntial transformer pr the 


AT TORRINGTON 
ew force § transdu provide in 





output emf that is pr cly propor 


ees "| HAYDON Manufacturing Company, Inc. catpat ae | 
Ona 0 IpPphcc Orc nd lave 


TIMING 2335 ELM STREET, TORRINGTON, CONN. lent stabilit F ealil t 
excciicn ipihity o in mon ¢ 


156 CONTROL ENGINEERING 





another example of precision synchronization... by VICKERS 


PRECISE SYNCHRONIZATION OF 
AUXILIARY ALTERNATOR WITH 
POWER DISTRIBUTION LINE 


assured with the 


ICKERS 


AUTOMATIC 
ALTERNATOR 
SYNCHRONIZER 


%& 








A leading manufacturer of diesel-driven auxiliary power generating 
equipment achieves precise synchronization of the alternator with the 
main power line when paralleling with the use of Vickers Automatic 
Alternator Synchronizers. 

The Vickers synchronizer automatically 

e Matches the frequency of the alternator to that of the main 

power line to within y, cycle per second by controlling the 
diesel governor. 


e Closes the circuit breaker which parallels the alternator with the 
line at the instant of phase synchronization by means of a phase 
detector and anticipation circuit. 

Free of vacuum tubes, and with a minimum of moving parts, Vickers 

automatic synchronizers utilize static magnetic amplifiers for trouble- 
free performance under adverse conditions with little or no maintenance 


aS 8&8 
Some of the Many Other Applicat 
Vickers Automatic Synchronizer 
nin _Zi, 
(y -) 5 ? 
> rae: 0 q , 


AIRCRAFT CONVEYORS TRANSFER 
PROPELLERS MACHINES 





Vickers control engineers will work with you 
in solving your synchronization problems. 


VICKERS INCORPORATED a unit of Sperry Rand Corporati 
1805 LOCUST STREET +¢ SAINT LOUIS 


NOVEMBER 1956 

























































LEADING MANUFACTURER 
CUTS SERVICE COSTS 


with CONOFLOW AIR-OPERATED 
SAUNDERS PATENT VALVES 


This leading pigment manufacturer has little worry of being burdened by 
service problems with these Conoflow valves installed high up in the air in 
an inaccessible location. The illustration shows Saunders Patent Valves with 
Cylinder Conomotor Operators on an important application in a titanium 
processing operation at our customer's midwestern plant. Numerous successful 
installations in their several plants have convinced them of the dependability 
of Conofiow valve assemblies. 


The Conoflow-Saunders Valve is a compact, lightweight unit which can be 
mounted in any position. The streamlined flow area of the valve body is free 
from pockets, grooves or crevices which cause clogging and sticking of slurries 
and semi-solids. Unique diaphragm gives tight shut-off and can be easily 
replaced. Positioners have no exposed moving parts. 


Conoflow-Saunders Valves range in size from 2°’ all the way up to 12’. 
They are available for “on-off” or throttling control service, using Conomotor 
operators specifically designed for automatic and remote control in conjunction 
with pneumatic instruments. 


Catalog HB-5 describes Conoflow 
Saunders Patent Valves in detail. 
Write for your copy today. 


» 
C One} oittrol 5 


FOREMOST 


NIRS TLEMENT 


Conoflow representatives are 
located in most principal cities. 





605 


CONOFLOW CORPORATION 


SUBSIDIARY OF WALWORTH COMPANY 


2100 ARCH STREET @ PHILADELPHIA 3, PA. 
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units are available in ranges from 
plus or minus 10 Ib to plus or minu 
100,000 Ib and are accurate to within 
0.5 percent of these range i-xcita 
tion frequency range is 60 to 10,000 


cp Maximum sensitivity j +0 mm 
per volt at rated load A mechanical 
zero adjustment is provided to null 


tare loads if desired.—Davtronic Corp., 
Dayton, O 
Circle No. 27 on reply card 





PRESSURE TRANSDUCERS 


(his miniature 
sure transducer is one of four model 
now available Measuring only 4 in 


high-precision — pre 


in diam by 4 in. long, the units are 
iid to exhibit superior character 
tic Response time is in the order 


of | microsec. Signal re excep 


tionally sharp and free from ele 


trical and mechanical nois 3 
claimed that measurements as lov 
as 0.01 psi have been made success 
fully on shock tube Lhe units 
will measure not only steady and 
slowly varying pressure but als 


fast pressure transients Simple con 
methods are used 


for calibration. The available models 


ventional static 


are the blast gage, shock tube gage, 
hyper-bal 
listics gage.—Kistler Instrument Co 
North ‘Tonawanda, N. ¥ 

Circle No. 28 on reply card 


ballistics gage, and th 


INFORMATION 
DISPLAY 
INSTRUMENTS 


WETTED RELAYS 


A series of three new digital volt 
meters are designed especially for ap 
plications demanding continuous op 
eration he use of mercury wetted 
contact relays is said to assure a life 
expectancy of more than | billion 














‘Trangitron 


SILICON 
VOLTAGE 
REGULATORS 






















: 
Mazimum Maximum 
Voltage Average Current Dynomi< 
Range ma Resistonce 
Type (volts) at 25°C ot 125°C (ohms) 
Transitron’s silicon voltage 
V-5 43 5.4 50 1 55 
UP TO 50 ma aa ~y eae 40 4 20 regulators (sometimes called Zener 
$V-7 6.2 8.0 30 6 10 diodes) are constant voltage elements 
<4 A. 10.0 ~ 5 ~ for control and similiar circuitry 
0 12.0 ) 4 0 
$V-13 10-145 17 5.4 100 They provide excellent regulation and 
jf $V-15 13.5 - 18.0 14 2.8 120 stability over a wide operating range 
/  $Vv-18 17.0 - 21.0 12 2.4 200 
Through improved thermal design, each 
of the thre« gulator series will 
UP TO 150 ma ~ — os - oe 7 55 give high load currents in the 
5 } 4 20 
SV-806 6.2- 8.0 90 18 10 smallest possible size. The 
] SV-808 7.5 - 10.0 75 15 20 subminiature glass types, for example, 
nay Re <t ~ “- Ra. provide twi e the current in less 
/ SV-815 13.5 18.0 40 8 120 than half the ze of conventional 
jf SV-818 17.0 - 21.0 35 7 200 regulators. High power types can be 
; used to simplify circuits and 
(amps) (ma) eliminate amplification stages 
UP TO 2 AMPS a a = { oo Y aoe : Inquiries are invited on higher 
5 D 
$V-906 6.2 80 12 240 2 voltage regulators, and precision 
SV-906 7.5 - 10.0 1.0 200 2 temperature mpensated voltage 
SV-910 9.0 12.0 8 160 2 reference clement 
$V-912 11.0 - 14.5 7 140 4 : io ; 
SV-915 13.5 18.0 6 120 6 
$V-918 17.0 - 21.0 5 100 8 


SEND FOR 
BULLETIN TE 1352 


Trangitron 


electronic corporation * wakefield, massachusetts 


—o— f= {f= -- -—@2 fe TT 


Germanium Diodes Transistors Silicon Diodes Silicon Rectifiers 
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accurate readings from these instru 
ments. Switches are hermetically 
scaled, and platinum contacts ar 
wetted with mercury by capillary 
connection to a mercury reservoir 
The five-digit model has a range of 
00.000 to plus or minus 99.999 volt 
de with resolution of 0.001 volt, and 
plus or minus 100.00 to plus or minus 
999.99 vde with resolutions of 0.01 
volt Units give three complete 
readings per second with automatic 
polarity indication.—Non-Linear Sy 

tems, Inc., Del Mar. Calif 


Circle No. 29 on reply card 


Merk 


ax 


Sie a ae ae ts ee Ns 


as seen at ISA show 


Stable, high-paying careers for 
CREATIVE DIGiTaAyL. 
ComMFYPuUTIBER BNGINEEEHRS 
experienced in advanced data-processing 


systems design 


Here, in one of America’s leading companies in the development of digital com- 


puters and electronic systems, you'll have full opportunity to make design contribu: LIOt 1D LEVEL 
tions at the most advanced level, You'll enjoy the broad working freedom of a small, 
select research-design group and the vast technic al resources of a parent company Phis new displacement ty sy liqui 
of international stature. The program is a continuing one with constant creative level controller eliminates bearing 
challenges. Because most activity is in development of equipment for worldwide and knife edges by introducing a 
commercial markets, stability is assured. Related projects are also undertaken for torque table Che face of this table 
government and industry. New, ultra-modern, air-conditioned facility in a pleasant drives a torque tube which is free 
suburb of Los Angeles—the nation's fast-growing electronics capital. Broad benefits. to twist under the action of a dis 
placer. Since there is no dependence 
on sharp edges, performance essen 
tially constant and normal proce 

residues do not hamper operation 
Units are available with external 
displacer chambers or in models for 
direct displacer immersion in the 
process vessel Control action 1 


g ' 
Senior Mechanisms Engineer Senior Electronic Engineer inter hangeable for proporti mal o1 
Must be a strongly creative man with demor With experience in drum n ‘ figite differential gap response; proportional 


strated ability in computer input-output computer syster Ex 


band is 1 to 150 percent, with auto 
devices form and head project i 


matic reset optional.—Kiele & 


Senior Computer Circuitry Engineer Senior Mechanical Engineer Mueller Inc., Middletown, N. ¥ 
With transistor experience in digital computer A key job requiring two or mor : 
applications. Core circuitry experience chanical de Nn experience i iigh-spe Circle No. 30 on reply cord 


} 


j f 
desirable digital magnetic tape handlir 





Excellent openings for engineers with experience in: logical design * ferroelec * magnetic 


cores * computer systems * transistor circuits * input-output devices « applications of physics ° HIGH-SPEED RECORDER 


computer systems specifications « definition of system requirements 
For 16-page brochure describing activities and career potential at the NCR Electronics An automatically-seque nce d high 
Division, write or contact O. P. Gillespie, Director of Industrial Relations speed digital recorder handles on or off 
voltage phenomena appearing on 45 
* 

channels at sampling rates as high a 

THE NATIONAL CASH REGISTER COMPANY » 2 vat 
Electronics Division 2,500 per sec. Typical applications in 
*Trademark Reg. U.S. Pat. Ott 1401 East El Segundo Boulevard, Hawthorne, Calif clude monitoring of operations and 
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supply 
tank 


supply 
tank 


petty fr gh 


panel board 


Silicon Diodes 


4 
Silicon Rectifiers 


supply 
tank 


mixing tank 





Baldwin electronic SR-4° system 


controls chemical process to +144% accuracy 


Closed loop control of this chemical plant's mixing 
process is provided by an integrated Baldwin SR-4 
system with a maximum degree of accuracy and 
repeatability. 

To add the correct amount of each ingredient, the 
Baldwin indicator controller automatically opens 
and supply tank The controller 
receives its signals from three Baldwin SR-4 trans 
ducers which weigh each ingredient as it is added 
to the batch. Load cells install conveniently just 
below the mixing tank. Baldwin load cells are 
instantaneously responsive, have no moving parts, 


closes valves. 





SEE OUR EXHIBIT 
AT THE 
AUTOMATION SHOW 














require no maintenance The Mmiixer i timer actu 


ated. Lights on the panel board show cycle stage 
at all times 
a Baldwin SK-4 electronic 


system, specifically designed for your r 


You can have control 


juirements 
for any application involving weight 
thrust. We 


system and calibrate it as a unit, to 


pre ssure 


tension, torque ofr engines the entire 


irantee you 


maximum accuracy. For your copy of ous 
Dept. 3252, Ele 
Instrumentation Division, BLH Corporation 
Waltham, Massachusetts 


yvener il 


bulletin 4300, write ctronics & 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN - LIMA - HAMILTON 


v N Aust Wester * Eddy 


NEW PRODUCTS 


data in digital computers and other 


data processing system Paper peed 


is over 150 in./s¢ illowing a ten 
pacing for the maximum sampling 
rate. A three-sequence digital interval 
generator is used to | 
drive function Potter 
Co., Great Neck, N. ¥ 


Circle No. 31 on reply card 


roOyvTAmM papel 


Instrument 


as seen at ISA show 


FAN Te 


EAGLE 


time dela y re la ¥ MULTLPOINT TRC 


: ° ° The instrument being demonstrated 
for transmitters and other industrial in the above photo is one of a seri 


or aircraft applications just released by the manufacturer 
Its function is to continuously record 
temperatures at 24 remote point 
Compactness ... plus "Mil-Spee"™ precision aoe Se tee comtz: action on_ Sx 
prt highest temperature recorded. Each 
A complete timer, weighs only 9 ounces, Yet it passes rigid —, is assigned , numbs ‘ and 
“1 : . ad ach 18 mecasu! its number 1} 
military tests for accuracy, vibration, shock, salt spray, Boer seegprer sige Glar 
2 a, , ay printed on the strip chart. Seven 
humidity. Developed for radio and radar transmitters, now chart speeds, from 1 to 30 in. per 
available for any application that requires this precision, hour, are available. ‘The de poten 
space-saving timer, tiometer = circuit s automaticall 
; standardized every 48 min.—Leeds 
As one example, this new timer (HYS series) gets electronic & Northrup Co., Philadelphia, Pa 
equipment back into service just as quickly as warm tubes Circle No. 32 on reply card 
reheat to safe operating temperatures. Starts operation 
minutes sooner when tubes have not completely cooled from 
a previous operation. It’s safe. Cuts lost operating time. 
Standard 28V D. C, Other D. C. ranges on request. Units 
may be operated from 115V A, C, rectified source, Free 
bulletin. 


soneeeMAIL COUPON TODAY ----=-+ 


Eagle Signal Corporation, Dept. CE-1156 
industrial Timers Division 
Moline, Ilinois 


Please send Bulletin 620 with operation data 
and specifications on the new HYS series 
time delay relay. 


NAME AND TITLE 


ON-OFF CONTROLLER 


Kither on-off or locking mtrol action 
may be selected on this instrument 
ctv ZONE STATE With on-off, the device tak con 


COMPANY 


ADORESS 
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The Jet Propulsion Laboratory 
is a stable research and develop 
ment center located to the north 
of Pasadena in the foothills of 
the San Gabriel mountains 
Covering an area of 80 acres and 
employ ing 15 people, itis close 
to attractive residential areas 


The Laboratory is staffed by the 
California Institute of Tech 
nology and develops its many 
projects in basic research under 
contract with the U.S. Gov't 


Qualified personnel employment 


inquirtes now tnt ited 





IMPORTANT DEVELOPMENTS AT JPL 


Pioneers in Guidance Systems 


For many years the Jet Propulsion Labo 
ratory has pioneered in the design and 
development of highly accurate missile 
guidance systems, utilizing the most ad 
vanced types of gyroscopes, accelerometers 
and other precision electro-mechanical de 
vices. These supply the reference informa 
tion necessary to achieve the hitherto un 
attainable target accuracies sought today 


The eminent success of the early ‘‘Cor 
poral’ missile flights shortly after World 
War il firmly established the Laboratory as 
a leader in the field of missile guidance 
These flights also initiated experiments in 
volving both inertial and radio-command 
systems employing new concepts of radar 
communication. Because of this research 
and experimentation JPL has been able to 
add materially to the fund of knowledge 


available to designers of complex missile 


systems 
This development 
by basic research ina 


act vity is supported 


phases of elec 


tronics, including microwaves and antennas, 


mmunications and 
ther branches of 


new circuit elements, « 
reliability in addition t 
science necessary to maintain a fully inte 
grated missile research organization 


The Jet Propulsion Laboratory, there 
fore, provides many challenging opportu 
nities to creative engineers wishing to ac 
tively apply their abilities to the vital tech 
nical problems that require immediate and 
future solution 


We want to hear from men of proven abil 
ity. If you are interested please send us 
your qualifications now 





INSTRUMENTATION + APPLIED PHYSICS + DATA HANDLING + COMPUTERS 
TELEMETERING + RADIO AND INERTIAL GUIDANCE + GUIDANCE ANALYSIS 


SYSTEMS ANALYSIS + MICROWAVES 


ELECTRO-MECHANICAL + PACKAGING 


MECHANICAL ENGINEERING 





JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA 


PASADENA 


INSTITUTE OF TECHNOLOGY 
CALIFORNIA 
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SIZE 8 (R1000 Series) 


-750 x 1.240 inches, weighs 1.75 oz. 
Available as transmitters, control 
transformers, resolver and differentials. 
Max. error from EZ 10 minutes. 


SIZE 11 STANDARD (R900 Series) 


1.062 x 1.766 inches, weighs 4 oz 
Available as transmitters, control 
transformers, repeaters, resolvers 

and differentials for 26V and 115V 

applications. Max. error 
from EZ 10 minutes. 


SYNCHROS 


SIZE 11 SPECIAL (R500 Series) 


Same basic dimensions and applications 
as standard Size 11 Synchros 
Conforming to Bu. Ord. 
configurations with max. error 

from EZ of 7 minutes. 


PRECISION RESOLVER (R587) 


Size 15. With compensating network 
and booster amplifier, provides 1:1 
transformation ratio, 0° phase shift, 

5 minute max. error from EZ 


aoe 
YWeaere seas 
BANE OtHONUS. 


"eh, mun 
~ oe. 


“PANCAKE” SYNCHROS 


2.478 x 1.078 inches, weighs 11 oz. 
Available as transmitters, control 
transformers, resolvers, differentials 
and linear induction potentiometers. 
Max. error from EZ 24% minutes 
Suitable for gimbal mounting. 


All these Kearfott Synchros are 
constructed of corrosion resistant 
materials, thus enabling them to be 
operated under adverse 
environmental conditions 


ALL PHOTOS 3/4 SIZE 


KEARFOTT COMPONENTS INCLUDE: 


Gyros, Servo Motors, Servo and Magnetic 
Amplifiers, Tachometer Generators, Hermetic 
Rotary Seals, Aircraft Navigational Systems, and 
other high accuracy mechanical, electrical and 
electronic Components 


Send for bulletin giving data of Counters and other 
components of interest to you 


KEARFOTT COMPANY, INC.., Little Folls, MJ 
Sales and Engineering Offices 

1378 Main Avenue, Clifton, N. J 

Midwest Office 

188 W. Randolph Street, Chicago, Il! 

South Central Ofhce 

6115 Denton Drive, Dallas, Texas 

West Coast Othce 

253 N. Vinedo Avenue, Pasadena, Calif 


A BYUEBBIDIARY OF 
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trol action when the signal reaches 
the preset limit, but continues to 
test the signal periodically. If a 
permissible signal level is reached, 
the unit stops its control of auxiliary 
equipment but continues to indicate 
the signal. With locking control, 
the device must be reset manually 
each time the signal reaches the 
control point. Included among the 
functions that can be controlled by 
the instrument are voltage, current, 
torque, pressure, temperature, liquid 
level, speed, depth, sound, and deflec 
tion. Control accuracy is held within 
2 percent of dial settings.—Tipp 
Mfg., Co., Tipp City, Ohio. 


Circle No. 33 on reply card 


CONTROL DEVICES 


RUGGED PRESSURE SWITCH 
Ihe new pressure switch shown here 
is capable of sensing two different 
pressures in one system and actuat 
ing independent electrical circuits at 
any two points. Depending on_ its 
setting, the switch will sense accu 
rately any system pressure over an 
idjustable range of 15 to 3,000 psi 
for proof pressures of 3,000 to 7,000 
psi. It incorporates two spdt snap 
acting switches rated for ac and d 
circuits. Pressure settings are mad 
by two external adjustment screw 
that can be locked in place. One 
model has calibrated dials that pet 
mit visual setting of the switch, with 
out the use of gages.—Barksdal 
Valves, Los Angeles, Calif 


Circle No. 34 on reply card 


SPEED ADJUSTER 

Chis manufacturer's standard line of 
variable-speed torque converters is 
now available with an optional screw 
adjustment. The new adjusting de 
vice 1s also available in kit form for 





the first combined 


GENERAL PURPOSE 


ultimate versatility 
in solving complex 
technical 
problems... 


Computer 


DIGITAL COMPUTER AND | 


Phe general purpose d tal computer olve 
and engineerin problem with peed and accur 
easier programming makes the digital differential 

a superior choice for solvin differential equatior 

now combine the advantage of both in the nes 
Computer and it optional DDA accessory, Work 
together, and upported by a full complement of 
oulput equipment these unit provide the best 
solution, And the rental o1 purchase cost is far bel 


ol most eneral pP impo © compute! alone 


1 neu brochure tells the di tails ol the q, ISD 


for c rill YOurT Scarce engineerin: manhour / 


send you ae py 


DIVISION OF BENDIX AVIATION CORPORATION 
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TELEPHONE TYPE 





- 


Precision Engineered 


Relays 


for a 
wide range of 


requirements 


INTERLOCK 





=z . 
OMIM AL cvccreic COMPANY 


HME RME Ti< SEA 





* PLUG-IN 
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field installation on units now in 
SCTVICE Addition to the screw ad 
justment is said to permit several 
types of remote control. Fifty revolu 
tions of the screw cover the full speed 


range, making calibration and fine 
idjustments possible. Unit is said to 
be undisturbed by vibration.—Revco, 
Inc., Minneapolis, Minn 

Circle No. 35 on reply card 





SKIP-A-DAY 


Ihe timer shown here combines two 
controls in one unit. The manufa 

turer's astronomical dial will turn 
lights on at sunset every day. It turn 
them off at sunrise automatically, but 
may also be set to turn them off at a 


preset hour. ‘This control i iid to 
be accurate to within min of the 
sun’s ever-changing hedul Ihe 


second control in the unit is the 
skip-a-day wheel, which makes it po 
sible to limit lighting to as many 


nights per week as desired. The 
wheel is a seven-armed control, and 
the insertion of a set rew in an 


imm prevents closing of the lighting 

circuit on a_ particular night.—Tork 

Clock Co., Mount Vernon, N. ¥ 
Circle No. 36 on reply card 





PRESSURE SWITCH 

hese subminiature ibsolute = air 
pressure switches are available in nine 
models They feature a wide tem 
perature range and_ stability under 
severe shock and vibration condition 





NSYVVEMOER '|¥796 10d 


‘how to simplify 


REMOTE CONTROL SOLUTIONS 






























































STANDARD PLUG-IN MODULES now available from Sparton 5 BASIC SYSTEMS are available from Sparton: alarming 

feature time-proven communication concepts in flexible control (polarized d.c. pulses, tone, circuit make-break); discrete 

“building blocks”. control and supervision (polarized d.c. pulses, tone, time-coding 

These “off-the-shelf” modules enable positive remote supervision pulse-time i —— — and enateg — 

and control—for almost any problem—without excessive special proportional contro (99 arize | ¢ signals tone a. pulses 

engineering or construction cost continuous d.c. signals); channel multiplexing (flip-flop, time 
sharing, multiplexed tones) 





ORE 











COMBINE WITH EXISTING CONTROLS for a tailor-made COMPLETE CONTROL CENTERS for remote supervision and 
solution to your needs. System blocked here, for instance, uses 10 control of any process, automated production line, substation or 
modules to provide remote pump start/stop, power failure and what-have-you are engineered and installed by Sparton, utilizing 
order disagreement alarm, pressure interlock, remote throttling Sparton modules, plus transducers, metering and control devices 
and remote flow metering. Ties into existing panel at master end supplied to strict specifications. Sparton assumes ful! responsi 
and existing controller at slave end bility for the integrated system 


This data may help solve 
your problems. Check brochures 
you wish and return 


—Sperten 


CONTROL SYSTEMS 


Alarm Systems SPARTON CONTROL SYSTEMS DIVISION 
Discrete Control The Sparks- Withington Company 


Metering 
Proportioning Jeckson, Michigan 


Control 
["] Channel 
Multiplexing 
(_] Waterworks : 
Applications Company 
[_] Petrochemical a 
Applications Address 
(_] General Industrial : 
J Applications City Zone State 
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| NEW PRODUCTS 


agnetic ee 


IPpHueca { if cit 





| trical control of equipment or to the 

he | operation of ied light or alarm 

mp 1 1@Prs » ING In PON se to pr ure limit | lec 
trical terminals are through glass to 

eewew 4 metal hermetic seal Accuracy of 

the switches is within 0.5 psi, and 


‘ maximum overload ji + psia 
VARIABLE ‘ Newark 


Control Co Bloomfield 
N. J 


“0 
ad 
oor" 
oeoueeoere™ 
~-- 
~<--*- 
~—<—-7- 
~—<—-7- 


Circle No. 37 on reply card 
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* Trade 
SIZE ll — Name 
3/4, 1 and _ sal’ ges 
1-1/2 HP Ee a 





° ong cite 


pT si ay 





WATCHMAN 


I.mploying all static components, thi 








negative sequence sensing relay i 
designed to protect 115/200-volt 
three-phase, 400-cycle power system 
| Sensitive to phase unbalances of a 
little as 5 negative equence volt 


the unit closes a 3-amp output circuit 

| when the unbalance is detected An 

| inverse time delay i provided to pr 
vent nuisance tripping. Units weigh 

starting, compact, | only 23 oz Hartman Electrical Mfg 

50:1 speed range, ; ’ Co., Mansfield, Ohio 

good regulation SIZE “tet Circle No. 38 on reply card 

without tachometer, 1/4, 1/3 and 1/2 HP 

long life, virtually 

maintenance free 

service, low cost, fast response, reversibility, dynamic 

brake, local or remote control.Write for Bulletin S580-5-55. 


Other (MA) Products and Services 


Magnetic Servo Amplitiers, Analog Computors 
Transi-Mag* Amplitiers, Photoelectric Controls 
DC and AC Regulated Power Supplies 


Stepless, instant 


Application engineering and conversion of tool machines 
and production processes to automatic control. 


Magnetic Amplifiers -+inc <A» ACCURATE LIMITS 

632 TINTON AVE., NEW YORK 55, N. Y.—CYpress 2-6610 Vids taber dt bicides eccurste Yeni 
West Coast Division tation of rotary motion by means of 

136 WASHINGTON ST., EL SEGUNDO, CALIF. — EAstgate 2-2056 > - - é : 

two cams driven along a lead screw 


nue = he cams actuate two spdt snap-act 
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The Memo-Scope, incorporating the famous MEMOTRON, combines the uni 
' 


information persistence with all the features of a superior quality laborat r) 


The Memo-Scope by Hughes is a storag illoscope that captures and retait 
number of traces inde finite ly at a constant twiten ity until intentic nally erased 
re adily visible ima brightly -lj rhte d room, and ma) he €a il) ph Mograpiicd 


NEW! 


metal 


MEMU-SCUPE 


ro 
' 


TYPICAL APPLICATIONS CONDENSED SPECIFICATIONS 


idy of tra e ele 


phe mer 


microse 
Presenta 


trar 
ra 


! 
For additional ' 


information on 
' 
Memo-Scope ; 4 DIVISION OF THE HUGHES AIRCRAFT COMPANY 


write 0: AUGHES PRODUCTS - ELECTRON TUBE 


International Airport Station, Los Angeles 45, California 
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Regulation in less than '/soth cycle... NEW PRODUCTS 










































ing switches mounted beneath the 
lead screw Suitable gearing con 
nects the lead screw to the system 
being controlled. ‘The unit is said to 
have an adjustability of 1 part in 
== 3,400, and a repeatability of plus or 
Oviput of typical minus 5 min of are per revolution 
regulator in response to step change in Limit of travel for the cams is from 
input voltage. Average correction rate of - 
6v. per sec. | to 70 turns of the lead screw Arch 
, Instrument Co., Inc., North Quincy, 
Mass 
Circle No. 39 on reply card 








Output of Curtiss-Wright Distortion 
Eliminating Voltage Regulator from 
same input. Full recovery in 330 
microsec, 


Simultaneous two-pen recording of 60 c.p.s, voltage 









PLUS Pure Sine Wave Power 
CURTISS-WRIGHT LINE REGULATOR 


@ Electronically regulates r.m.s. and peak voltage si- 
multaneously to + 1%. 






Reduces typical power line distortion to less than 0.3%. TIME DELAY 








@ Furnishes 1.4 KVA of distortion-free power. The new dial head AGASTAT tim 
delay relay shown above was designed 

@ Introduces no phase shift between input and output. specifically for those applications 1 
quiring frequent time adjustments 

@ Simultaneously provides additional 4 KVA of +1% Dial markings permit easy calibration 
electromechanically regulated power. for accurate adjustment, and each 


dial is color coded to identify the 
timing range. Four individual timing 









Faster recovery time (less than pler, more accurate calibration of ranges are available. Complete ad 
Yoth cycle, or 330 microsec- meters . . . better design of trans- justment is attained within each 
onds) plus the unique ability to formers, synchros, motors . . . range by one complete turn of . 
eliminate line distortion — these easier testing of such components, dial ay olen a . the oa 
are the reasons why the Curtiss- with fewer rejects... . easier, a ee See ang Nees, 


Wrigh Se. : hi eeat : solenoid assembly, switch oil, and 
right Distortion Eliminating more accurate measurement of terminals, are the same as in previou 


Voltage Regulator has beenchosen magnetic properties and receiver models.—Elastic Stop Nut Corp. of 

by more and more laboratories sensitivity . . . better a.c. com- America, Elizabeth, N. J 

and production test departments. _ puter performance . . . elimination Circle No. 40 on reply card , 
Besides general laboratory use, of fast line transient effects. Write 

this line regulator provides sim- _ for details. 










COMPACT RELAY 
For applications where compactness 


and light weight are essential, o1 
where external electromagnetic effects 





Electronic Component & 
Instrument Sales Department 






must be held to a minimum, this 









new relay should prove quite suit 


; K/ 
ible. Housed in a tinned brass case, 
2 
hermetically sealed, it is supplied for 
RPORATION AR , " miniature seven-pin so ket operation 
or with curved terminals for solder 
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WEATHERHEAD = 


First in components a 
for HYDRAULIC SYSTEMS 





Bas: we 


Look at anything . . . anywhere in the world . . . in Bier 
hydraulics, diesel power or machine tool applications . . . pera . eee 
equipment for instrumentation, oil drilling, mining, road isi —$_—— 


building, petro-chemicals or even atomic power . . . 
chances are the vital air and fluid lifelines are secured 


with WEATHERHEAD. LD ~ = 
eee ee aN 


Reusable Hose Ends mene eran 
SAE 45° FLARE 


9 ) SS 


, tn ae 


INVERTED FLARE 

















Bulk Hose 





— = 
a = a= 
tT 








De ri ere ee ‘ i SS 


~— — 


oe 
/DRAIN COCKS COCKS 


ae 


ew) WEATHERHEAD tosh ci pt 


The only single-source hydraulic hose 
FIRST IN HYDRAULIC CONNECTIONS ~ 44: 
and fitting line. 


THE WEATHERHEAD CO., FORT WAYNE DIVISION Available coast-to-coast through 
Dept. AC-!! 128 West Washington Bivd., Fort Wayne, indiona Weatherhead distributors 
In ¢ The Weatherhead ( Ltd., St. Thomas, Ontario 
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this bea 


What holds 
vyweight 
battler up...? 


Obviously, the North Ameri- 
can F-100 Super Sabre flies be- 
cause it fulfills the aerodynamic 
laws relating to lift and weight, 
thrust and drag. 

But before an F-100 leaves the 
ground, its probable conformity 
to these laws is measured with 
great care and compared to the 
data acquired during 50-plus 
years of aeronautical experience 
to insure peak performance 
under the stresses of high alti- 
tude, supersonic combat. 

Edin Electronic Instrumenta- 
tion is a key element in flight 
simulation and pre-flight testing 
during design and production 
stages at North American Avi- 
ation. In the case of the F-100, 
custom-adapted 8-channel Edin 
Recording Oscillographs serve 
as direct-writing indicators to 
record aircraft responses as sim- 
ulated by analog computers. 


@ NEW OSCILLOGRAPH FLEXIBILITY 


ENGINEERING 


You, too, can benefit from the 
amazing flexibility Edin Oscillo- 
graph Recorders can provide. 
For Edin now offers a completely 
redesigned recording instrument 
in two models: with modular 
interchangeable preamps and 
basic amplifiers; and with stand- 
ard rack-and-panel single- 
chassis amplifiers, Modular unit 
takes up to 8 preamps in the 
control panel, with amplifier 
chassis mounted in the lower 
section of the housing. Records 
up to 8 channels of transient 
data simultaneously. User may 
begin with two channels and 
add preamps and galvanometers 
as required, 

A wide choice of amplifiers is 
available including: 

Noise 
Response — 


High Gain OC 8238 5 000 OC -5K 10uv 
Low Gain DC 8231 125 DC-5K 50uv 
Condenser 

Coupled 8234 
High Gain CC 8235 
Modulator 8236 
Pressure 8241 
Stabilized DC 8239 
Carrier 8237 


Type Model Gain* 


10,000 1-3K lOuv 
500,000 1-3K Suv 
20,000 ,-60 20uv 
20,000 60 20uv 
10,000 3K 20uv 
500,000 >-500 Suv 


Write for informative, >... 
illustrated literature “vy 
on oscillograph record th 
ing instruments and ac- ~~ 
cesories. 


EDIN COMPANY, INC. | 


207 Main St., Worcester, Mass., U.S.A 








NEW PRODUCTS 


connection. Nonmagnetic contacts 
carry 35 ma at 6 vde noninductive; 
loads up to 0.5 amp at 28 vde non 
inductive can be handled depending 
on the moving coil 
number of operations 


trical Instruments 
N. J. 


sensitivity and 
Weston Elec 
Corp., Newark, 


Circle No. 44, on reply card 


LIMIT STOPS 


Three new types of limit stops are 
now available for the control of shaft 
rotation. The wafer limit stop is used 
where the load is comparatively light 
and the number of turns is_ few. 
Limits are set by the number of 
angular wafers placed on a shaft, each 
wafer permitting 300 deg of rotation 
Maximum rotation is about 17 turns 
Ihe lead SCTCW mechanical stop 1S 
designed for more turns and heavier 
loads. Each inch of separation be 
tween stops permits 32 turns. Maxi 
mum turns are 60, 120, and 180 
Where torque or inertia is high, the 
lead screw  electromechanical stop 
can be used. This unit, which per 
mits 1 to 100 turns, includes a limit 
switch to cut off power before its 
limit is reached.—Servo Corp. of 
America, New Hyde Park, N. Y 
Circle No. 42 on reply card 


ROTARY SWITCH 
Featuring solid silver alloy contacts, 
rotors, and slip rings, this new series of 
rotary switches can carry up to 15 amps 
and break 1 amp noninductive. Each 
switch has three poles and can be 
ordered with up to nine positions per 
hole with shorting type action or five 
positions per pole with nonshorting 
type action. Physical dimensions are 
} in. in diam by 1té in. long.—The 
Daven Co., Livingston, N. J 

Circle No. 43 on reply card 





MISSILE 
SYSTEMS 
FLIGHT 


CONTROLS 


Sedhbeed MISSILE SYSTEMS 








G. D. Schott (second from left), Flight Controls Dept. Head, discusses new 
techniques in the mechanization of autopilots with R. D. Wertz (left) 
Flight Controls Research Engineer; R. J. Niewald, Flight Controls Ana 
Section Head; and B.C, Axley, Servomechanisms Analysis Group Er 


One of the most critical problems encountered in the development 

of a successful missile system involves attaining rapid responses of 
controls consistent with system stability, Moreover, it is a problem 

of increasing importance as new aerodynamic configuration 

require major advances in flight controls performance 

At Lockheed, Flight Controls engineers are developing unique control 
methods to cope with this growing problem. Their expanded activities 
have created new positions for those possessing experience and 

a high order of ability in: 


e Hydraulic servomechanisms 

« Circuit design 

* Aerodynamic stability and control 
* Flight analysis 

« Autopilot simulation 


A number of the positions now open are on supervisory level 
Inquiries are invited for positions at Lockheed’s Engineering Center 
in Van Nuys and Sunnyvale, California. 


DIVISION research and engineering staff 
LOCKHEED AIRCRAFT CORPORATION 


VAN NU WS © PATA) ALTO? SUNNYVALE, CALIFORNIA 
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THREE-OUNCE RELAY 


SR ii A new three-pole double-throw relay 











si THAT? is available for electrical power con 
y a! 





trol systems in military aircraft and 


* other precision applications. Normal 

nical 5 ly set for 20-volt pull-in and 9-volt 

drop-out, it has an electrical residual 

RECORDING CHART SERVICE adjustment that may be changed to 
give a number of drop-out values 

between 9 and 19 volts This ad 


has application for you justment may also be used in constant 


current circuits. Special compensa 





c tion holds the maximum variation 

g Vv to | It I] 1 d t 
27 0 vo in pu rin in drop-out 
voltages over the entire ambient tem 

perature range of minus 60 deg ( 

to plus 125 deg ¢ Electrically good 

for 100,000 operations at 5.0 amp 

and 120 vac, the unit has a mechan 


DIGITAL COMPUTER RECORDS ... ical life of 2 million operations 


Joseph Pollak Corp., Boston, Mass 
Are you satisfied with your present computer Circle No. 44 on reply card 
recording forms? Contact Technical for help 
in developing computer or tabulating machine 
forms best suited for your statistical applica- 
tions. Information on Technical’s “know-how” 
with computer papers sent upon request. 


iin, wit FINAL CONTROL 
73s: ) A i ebeieleetapassrhepnalaieore ELEMENTS 


eeeebeeeeee 
Mt Charts are vital to the new recording instrument 
mw eas ene eg ore design. Be sure you contact Technical when 
mii it dy : your project begins and eliminate recording 
problems at the start! For standard instruments 
recording under unusual process conditions, 
Technical con supply “Special” charts on heat 
or electro sensitive and other papers. Send for 
"Technical Notes’ containing helpful new chart 
specifications. 


8000 STANDARD CHARTS... 
await your call! 


Chart supply is easy . . . and operating costs 
are less .. . when you suggest te your pur- 
chasing men to buy all their chart needs from 
Technical. Technical’s acceptance by large and 
small “Blue Chip” companies is testimony of 
high chart quality. Automatic order process- 
ing and inventory control assure fast service. 


Write for Catalog 56 and stock list QUIET SOLENOID 








Current hum and other noise usually 
present in electrically-operated ait 
valves are eliminated in this one by 
the rigid maintenance of very close 























tolerances on the spring, armature, 
Serving America’s Foremost Industries ind guide dimensions. Such a valve 


is recommended for noiseless control 

e( CA of air conditioning damper motor 
4 L CHARTS INCORPORATED as well as for control of pneumatic 
motors, valves, and other industrial 

BUFFALO 10, N. Y. equipment When energized, the 

Nationally Represented by TECHNICAL SALES CORPORATION valve passes full air at supply pres 

16599 Meyers Road, Detroit 35, Michigan sures to 25 psi When not energized 

the valve will waste air from its out 


STANDARD CHARTS @ ‘SPECIAL CHARTS © COMPUTER PRINTING AND PLOTTING PAPER let port and close the inlet. The 60 
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cycle coil can be supplied for 115-, 

208-, 230-, or 440-volt operation 

Powers Regulator Co., Skokie, III 
Circle No. 45 on reply card 





THREE-WAY BY-PASS 


total 
valve 


Featuring a 
regardless of 


constant capacity 
inner position, 
three-way by-pass valves 
will direct flow to either of two out 
Designed to be 100 
percent tight closing, they are ideal 
for diverting applications, which 
would ordinarily require the use of 
two separate valves. Maintenance is 
simplified by a construction feature 
that makes it possible to change the 
discs and seat rings without 
ing the entire valve from the lin 
Maximum pressures range up to 250 
psi at 406 deg F, and to 400 psi at 
70 deg | available now are 
24 in., 3 in., and 4 in. Valves are fur 
nished for either proportional or two 
SeETVIC 


these new 


lets as required 


recmoy 


Sizes 


position control.—Johnson 


Co., Milwaukee, Wis 
Circle No. 46 on reply card 


SERVO MOTOR 


Reliability is the keynote of this servo 
motor, in which class H and class B 
materials operation be 
tween minus 60 to plus 120 deg ¢ 
Input is 115 vac, 400 cp No-load 
speed is 5,000 rpm, and stall torque 
is 1.5 oz-in stainless 
steel with special hightemperature 
lubricants. One model has a 1 3-tooth, 
120-pitch pinion; the other, a 15 
tooth, 96-pitch pinion Basler Ele 
tronics, Inc., Highland, Ill 

Circle No. 47 on reply card 


issure safe 


Bearings aré 


| 
| 








A new name 
for a proven 
instrument line... 


Humphrey en 





ELECTRO-MECHANICAIL 


TRUMENTS 





DESIGNERS, developers and manufacturers of 
electro-mechanical instruments, Humphrey Inc. pio 
neered this vital field 10 years ago and has maintained 
its leadership role ever since, distributing on a license 
basis. 

Now, expanded production facilities and expanded 
markets make it imperative for Humphrey Inc. to mat 
ket its full line of instruments direct . . 
company name. 

setter service ... increased product line contun 
ued research and development leadership... these 
will be the direct benefits to customers. The same high 
quality and performance standards for which these 
fine instruments have become recognized now will 


under its own 


be available under the Humphrey Inc. label 





ACCELEROMETERS 


Simple, rugged design. Ne pivots, 
bearings or loose springs. Pressure 
sealed cases; potentiometer pickoffs. 


| 
| 


POTENTIOMETERS 


Silicone-insulated metal cores. Tef 
lon lead or high temperature con 


nectors. Sealed, glass bead terminals. 





RATE GYROS 


Light, compact, rugged. Good pro 
ducibility, high natural frequency 
Exclusive wheel and gimbal system. 


[— 





964 Mores Ine. 


DEPT, C-11, 2805 CANON ST., 
SAN DIEGO 6, CALIF 


Send me your new Catalog as soon 
as it's off the press! 


NAME__ 
COMPANY 
ADDRESS. 


a 


mee CATE 


1956 175 


NOYEMBER 





Since the choppers must fail, install a 


MAGNETIC MODULATOR 


for life 


A Converter With High Shock and Vibration Resistance and Practically 


Unlimited Life. Operation in Ambient Temperatures From 


LOW LEVEL DUAL 


POLARITY DC SIGNALS 


INPUT 
INFORMATION 


PHOTO CELL 
THERMOCOUPLE 
ANALOG DATA 
STRAIN GAUGE 
MAGNETROMETER 

MICROSEN 
LOW LEVEL DC 

VOLTAGE 


CONVERTED TO 


a) 


70°C to +-150°C 


PHASE REVERSING 
SUPPRESSED CARRIER 
MODULATED ENVELOPE 


OUTPUT 
INFORMATION 
SERVO AMPLIFIERS 

RECORDER 
MOTOR CONTROL 
SPEED CONTROL 
FLIGHT CONTROL 

FIRE CONTROL 
TEMPERATURE 

CONTROL 
AUTO POSITIONING 
VOLTAGE, CURRENT 

FREQUENCY CONTROL 


The magnetic Modulator is designed to convert low level dual polarity DC 
signals into AC signals of corresponding amplitude and phase sense. 

We specialize in control systems and MAGNETIC AMPLIFIER components for 
automatic flight, fire control, analog computers, guided missiles, nuclear 
applications, antennas and gun turrets, commercial power amplifiers, and 


control systems. 





PARAMLTER 


INPUT MODULATORS 








Type No 


IMM 336-1 


1MM.-311-1000 





Lacitation Frequency 


Y¥—440 CPS 


O—440 CPS 





Signal Winding OC Res 


K = 10% 


1000 ohms 





AC Excitatc 


n Volts 


1Sv 


5.0 Volts RMS 





Input Signal Range 


0-210 BA 


O-— 2200KA 





AC Output 


0-—8V RMS Phase Rev 400ry 


0~7V RMS 400 CPS Phase Rev 





Overall Dimensions 


al lle’ nin” 


aeilie’nlh 





Null Amplitude 


25MV RMS Masimum 


JOMV RMS Maximum 





Output Impedance 


20,000 ohrns 


20,000 ohms 





Response Curve 





100 % 6 
t+ +++ 


D.C. Control Signal 


£, Lm” 


+20 4 © 8 100 
= 


Microamperes 


160 120 8 40 


D.C. Control Signal 





7 


* 


t4 


rT 


RMS Volts 
400 CPS 


n 
T 


8 120 160 
—+——+—t 


Microamperes 











PARAMETER 


INPUT MODULATORS 


THERMOCOUPLE CONVERTERS 








Type No. 


MTC.336-10 





Excitation Frequency 


@ CPS 


HO—440 CPS 





Signal Winding DC Res 


800 ohms 2 10% 


ohms # 10% 





AC Excitation Volts 


3V RMS 


6 Volts RMS @ 400 CPS 





Input Signal Range 


0-2 500 BA 


O— £20 Millivolts 





AC Output 


0—24V RMS Phase Rev. 


0—7.5V RMS Phase Rev 





Overall Dimensions 


14" 4 1%" 11K” 


x1 1/16" 21% 





Null Amplitude 


20MV RMS Maximum 


20 Millivolts 





Output Impedance 


20,000 ohms 











+50 200 390 S00 
aad 


0.C. Control 


Fa Microamperes 
Signal > 


F 


vo 
aed 








2000 


Microamperes 


1000 - 500 +500 1000 2000 





2 


0.C. Control 
Signal 


b 5/4 0 2 
Millivolts 








GENERAL 


135 BLOOMFIELD AVE. 
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MAGNETICS 


BLOOMFIELD, N. J. 





NEW PRODUCTS 


COMPONENT 
PARTS 


as seen at ISA show 


ECTROWIC INSTRUMENTAT 


2. 


DC ‘TRANSFORMER 
pointed 


Lhe 
the photo is a brand new transistor 
ized de transformer, now available for 
commercial, aircraft, and missile ap 
Switching transistor 
coupled to a saturable cor 


tiny box being out in 


plication 
reactol 
form a square Wave Osé illator circuit 
I'he square wave is rectified by 


ut 


ilicon 
a cd with ex 
tremely low ripple content. Output 
as high as 100 to 300 watt ire 
ible, depending on ambient tempera 
Operating efhicienci run to 
90 percent—The Ramo-Wooldridg 
Corp., Los Ange les, Calif 

Circle No. 48 on reply card 


diodes to form outy 


pos 


ture. 


DC SUPPLY 


\ new output, 


| 
upply 1 


compa¢ c 


adjustable 
voltage de power 
he 
combines a_ constant-voltag« 

former, a germanium rectifier 

special high-capacitance filter s 
with small choke to yield 
tandards of performance 
voltage is regulated to 
minus 1 percent with 


onstant 
now avail 


ible ost unit 
trans 
and al 
tion 
laboratory 

Output 
vithin plus o1 
upply voltage 
variations up to plus or minus | 


Units are ai 


Ss 
1iaDi Il) LX 


that provid 
+00) 
mp Sola 


percent 
tock 
iItage ranges from 
md currents up to 
Electric Co., Chicago i 
Circle No. 49 on reply card 


models Ol tput 


volt 





have 


an idea 
in your 


pocket? 


Then we have an idea you'll be 
happiest at Fireston 

where ideas are most likely to see 
the light of day and breathe the air 
of success. Here, too, you'll 
discover benefits and attitudes 


inspire more ideas, more succe 


Ideas—and men with idea 

have ke pt Firestone at the top of 
the pioneers-in-progress list for 56 
years. Right now, w carrying 
forward the Army’: 

program for the “Corpo 

first surface-to-surface ballistic 
guided missile. This includes 
development engineering, field 
test and service, and missile 

and component production 

But the need for good men with 
good ideas grow because 
Firestone plan to kee p growing 
in this field. For instance, 

here are just a few specifi 

need a few from a list too 
long to show in full 

Compone nt Design 
Electronics System 
Mechanical System 

Flight Simulation 

Fi ld Engine ering 

There’s a man at Firestone 

with ideas — good idea on your 
future. Why not write today? 


Fe res one 


GUIDED MISSILE DIVISION 


RESEARCH *® DEVELOPMENT * MAN FACTURE 


Find your | 


Write SCIENTIFIC s 


NOVEMBER 1956 17) 





N NEW PRODUCTS 


X-500 


Sub-Miniature 


’ 12-LB ARITHMETIC UNTI 
Shown is a rear view « 
fa @ 0 metic control unit cal 
SAC 


Developed fo 


0 large scale computing 
unit weighs less than | 
rT 4 cu ft. vet contain 


transistor UU resisto 
ACEPOTS and ACETRIMS meet unusually rigid func- capacitors permanent! 
tional and physical. requirements and are setting new into plug-in printed 
standards for dependability in sub-miniaturization. i 
The designs are the result of 4 years’ development and 
over a year of successful use by leading electronic the maker has eliminate 
and aircraft equipment manufacturers. components usuall 


tronic computer | 


using unique direct 





and seven “control 
Condensed Engineering Data ge : «ye ‘ in 
ACEPOT ACETRIM Vidic a AriTnInerk 


: f Philco ¢ orp Philacde 
(potentiometer) (trimmer) 

Resistance Range 200 ~~ to 250K + 2% 10 ~ to 150K + 3% Circle No. 50 on reply card 
Size wx lh” ”%x'h” 
Linearity +.3% +3% 
Resolution extremely high excellent 
Ambient Temperature —55° C to 150° C —55° C10 125° C 
Torque low or high low or high 

The above specifications are standard — other values on special order. 

All units sealed, moistureproofed, and anti-fungus treated. Meet ap- 

plicable portions of JAN specs ond MIL-E-5272A standards. 








§ 


f 





Ace also offers larger size proviion potentiometers, to RETMA specifica- 


@ | tions, manufactured to highest standards to meet your most rigid require- 
= tig ments, Expedited delivery from special order section. 


UNLIMITED SHELF LIFE 


A new solid electrolyte battery with 
practically unlimited shelf life ha 
recently been developed for low cu 


rent applications, The battery weighs 

only 4 oz and is mad prim irily of 

For applications where you must be positive, Available in threaded bushing, servo, flush silver, silver iodide, and vanadium 

answer your potentiometer and trimmer needs tapped hole or flange mounts, and ganged ' i | La oi ‘ 

with space and weight saving, highly accurate units, Special shaft lock is self-contained. pentoxide t should give up to sey 

and dependable ACEPOTS and ACETRIMS. Internal stops and taps as required. Indexing eral decades’ continuou ervice in 
pin provides non-rotational mounting. 





applications such as maintaining a 
Expedited delivery on prototypes; prompt servicing of production orders. charge on capacitors in electronic cit 


Write for Fact File and application data sheets, cuits. In service. it can withstand 





*trademarks applied for | temperatures ranging from minus 70 
to plus 170 deg F with no appreciable 


NG ERAGE ON ONE WNIOLO EWE me | clings in voltage National Carly 


_2.. New Y ork 
Dept. C, 101 Dover St. © Somerville 44, Massachusetts | Circle No. §1 on reply card 
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For More 
Information 


from ADVERTISERS 
FILL IN THIS CARD 





about 
NEW PRODUCTS 
CIRCLE THESE NUMBERS — 





to get 
NEW BULLETINS 


& CATALOGS 


CIRCLE HERE 
THE NUMBER YOU 
SELECT HERE 





100) PHOSPHATING. Turco Products, 
Inc. Folder A-108B, 6 pp. Describes, and 
gives applications for, seven ““T'urcoat” ma 
terials, which are nonmetallic crystals, most 
of them phosphate compounds. Uses in- 
clude aluminum protection, paint bonding, 
antifriction coating 

101) PANEL INSTRUMENTS. Triplett 
Electrical Instrument Co. Form 81556-T, 
4 pp. Contains full-size scales of various 
types of panels and dimensional diagrams 
of special instruments on which panels are 
used; describes typical external shunts and 
illuminated meters 

102) GEAR-SPRAY VALVES. The Far 
val Corp. Bulletin 60-A, 8 pp. Covers 
well-designed little pneumatic system for 
spraying lubricant on the faces of gears 
Pumping unit can be centralized or applied 
to a single panel of sprayers. Operating 
pressure is 80 psi 

(103) RECORDING ON FILM. Profes 
sional Goods Div., Eastman Kodak Co 
Bulletin F1-2, 12 pp. A high-speed cam 
era, normally not considered a control 
omponent, becomes one when it can 
detect a flaw in a piece of machinery 
That’s what Kodak claims for this unit. 
104) FURNACE, OVEN CONTROLS 


ADVERTISER 








21 

30.31 
39 «40 
48 49 
57 58 
66 67 
75 76 
84 685 
93 94 





102 103 
WW) 992 
120 121 
129 130 
138 139 
147 148 


Minneapolis-Honeywell Regulator Co 
Condensed Bulletin B43-1, 44 pp. De 
scribes controllers (strip and circular chart), 
circular scale pyrometers, thermometers, 
excess temperature cut ofts, etc 

105) AIR CONTROL VALVES. Air 
matic Valve, Inc. Spiral booklet, 60 pp 
plus price list. A look at this Cleveland 
company’s line. Sections carry data on 
these valves, among others: cam, flow con 
trol, interlock, pilot, pressure regulator, 
quick exhaust, sequence, solenoid, strainer, 
time delay, and booster 

106) FLUID POWER. Published by Na 
tional Fluid Power Association, distributed 
by Miller Fluid Power Div. of Flick-Reedy 
Corp. Booklet, 20 pp. Not many tech 
nical details here, but those given are pre 
sented nicely. Booklet amounts to a primer 
on hydraulics, and there’s always room for 
another primer 
107) CYPAK 
house Electric Corp. Booklet 
Photographs, drawings, text 
Cypak magnetic 
hions for 
“‘~e. Ww. 


CONTROL. Westing 
I'D 52-760 
deal with 
controls and logic func 
industry. Included are basic 
“not”, and “memory” func 
ions, respective circuits, applications 


108) SERVO ITEMS. Servo Corp. of 
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America, Short Form Catalog SF 9901 
(54 by 84), 16 pp. Industrial control sys 
tems, infrared measurement and 
apparatus, communication and navigation 
devices broken down into building-block 
synthesis equipment analyzers, 
assembly kits, etc 

(109) ADJUSTABLE-SPEED DRIVES 
American Blower Corp. Bulletin 9819, 8 
pp. Describes components and operation 
of Gyrol fluid drive, gives applications and 
advantages (acceleration and speed con 
trol, no-load starting), and presents vari 
able- and constant-torque drive tables 
110) PROCESS FLOWMETER. Indus 
trial Development Laboratories, Inc. Cata 
log, 4 pp. Separation of the flow cell meas 
uring elements from the fluid being meas- 
ured, says the bulletin, assures sanitation 
and safety in processing chemicals, pharma 
ceuticals, food, etc 

(111) RADIATION PYROMETERS 
Servo Corp. of America, Paper (8 pp.) pre 
sented at 1956 Winter General Meeting 
by W. Derganc and S. N 
Corp 


control 


amplihe rs, 


Howell, Servo 
Covers two new pyrometers having 
good spectral response, high sensitivity, 
rapid response, stability, and high accuracy 


(112) LEAK DETECTOR. Consolidated 
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ey Corp. Bulletin 1830, 4 
pp. Deals with a helium-supplied unit that 
will detect one part of helium in 300,000 
parts of air (or at least 1 x 10° atmos- 
pheric cc per sec). New design eliminates 
cold trap for condensable gases, provides 
variable pumping. 

(113) PERMA “NT MAGNETS. Magni- 
Power Co. Catalog 156, 16 pp. ius 
trated with photos, dimension , a wong 
and charts of complete line of magnetic 
equipment—plates, sweepers, separators, 
drums and pulleys, grids, troughs, filters, 
and specialized equipment. 

(114) FLOW © OL. Fluid Con- 
trols, Inc. Catalog 553, 8 pp. Hydraulic 
restrictor and needle valves and adjustable, 
pressure-compensated flow regulators are 
shown in schematic drawings. Capacities, 
pipe sizes, and dimensions are included. 
(115) VALVES AND PUMPS. Hills 
McCanna Co, Catalog G-56, 16 pp. In- 
cludes s on diaphragm valves, tables 
of capacities on metering and proportion- 
ing pumps, and complete dake (includ- 
ing a schematic) on a precision pump. 
(116) PINPOINTS SHOCK. The Im- 
pact-O-Graph Corp. Bulletin, 4 pp. This 
machine, the Impact-O-Graph, rides with 
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material being shipped and gives a time 
record of shock and rough treatment in 
handling and shipping. One- to three- 
dimensional recorders are clock- or motor- 
driven, with clock models operating with- 
out attention for 28 days. 

(117) PHOTOELECTRIC SYSTEMS. 
Electronics Corp. of America. Bulletin 
PA 561, 24 pp. Contains detailed specs, 
complete descriptive data, and operational 
charts on Photoswitch packaged photo- 
electric systems for industrial control. New 
line of miniature and subminiature re- 
ceivers and light sources also covered. 
(118) MASS SPECTROMETERS. Con. 
solidated Electrodynamics Corp. Bulletin 
1824 B, 16 pp. Deals with applications, 
ny ranges (mass 2 to mass 40, and 
mass 2 to mass 150, respectively) of models 
21-610 and 21-620, both of which perform 
continuous or individual sample analysis. 
(119) METERS AND CONTROLS. 
Bailey Meter Co. Bulletin G15-1, 8 pp. 
Charts ~oe means, specifications, 
operating principles, ranges, etc., of more 
than 30 mechanical meters; similar data 
for electrical meters; and control compo- 
nents and i 


accessories. 
(120) MAGNETIC ‘TECHNIQUES. 








Berkeley Div. of Beckman Instruments, 
Inc. Data File 109. Gives advantages of 
Ferristor miniature saturable reactor 1 

over conventional vacuum tubes. This is 
the paper Berkeley’s David A. Weinstein 


gave before the IRE convention in March. 


(121) POWER PLANT EQUIPMENT. 
Copes-Vulcan Div. of Blaw-Knox Co. Bul- 
letin 1022-A, 12 pp. Reviews, and illus- 
trates with diagrams and actual instru- 
ments, combustion and boiler feed water 
control, pressure reducing, desuperheating, 
and automatic soot ag 
(122) LOCK WASHER. Pioneer Stam 
Products Co. Bulletin, 4 pp. Deser 
the stamped spring steel “Surelock” lock- 
washer that features a tight vibration 
dampening grip on the screw itself which 
dampens excessive vibration and increases 
the washer’s lockin on , 

(123) NEOPRENE BOOK. E. I. 
du Pont de Nemours & Co., Inc. No. 70 
of a series, 9 pp. Lead article tells how 
the rubber industry tests and evaluates the 
properties of elastomers. 

(124) “FACTS ABOUT HYPALON.” 
E. I. du Pont de Nemours & Co., Inc. 
No. 4 of a series, 2 pp. This fairly new 
publication deals with a rubber for oxidiz- 
ing chemical service. 

(135) HEATING SAFETY DEVICES. 
McDonnell & Miller, Inc. Bulletin C-63, 
8 pp. Treats 11 classes of safety devices 
for steam and hot water. Among them: 
boiler water feeders, low water fuel cut- 
offs, pump controllers, make-up water 
feeders for receivers, pressure and tempera- 
ture relief valves, float-operated units. 
(126) HEATING SERVICE GUIDE. 
McDonnell & Miller, Inc. Bulletin M-71 
(34x82), 16 pp. A wt little booklet 
covering facts about right and wrong 
piping hook-ups, testing, trouble-shooting, 
and replacements, and stressing correct in- 
stallation of feeder or cut-off and need for 
regular blow-downs. 

(127) CARBON RESISTORS. Intema- 
tional Resistance Co. Three bulletins 
(Forms S077b, S-084B, and S076A) give 
characteristics and applications for molded 
boron-carbon, deposited carbon, and 
molded deposited carbon resistors 

(128) DC POWER SUPPLIES. Sola 
Electric Co. Bulletin DC-235, 8 pp. Gives 
data for six standard-design, regulated 
units, featuring fixed-output and constant 
voltage, for intermittent, variable, and 
pulse loads, or for high-amperage loads. 
Applications, specifications, theory of oper- 
ation covered. 

(129) THERMOCOUPLE _ INSULA-. 
TORS. Claud S. Gordon Co. Bulletin 
300-56, 4 pp. Lists dimensions, sizes, and 
types of Gordon insulators fcr high thermal 
shock, high temperature, and high me- 
chanical strength. Marginal notes cover 
principal properties of different materials. 
(130) Hy RAULIC CIRCUIT TESTER. 
Schroeder Brothers Corp. Bulletin, 1 sheet 
Treats a portable unit that can do its job 
without disturbing components. Tempera- 
ture, pressure, and flow simultaneously 
measured. Pressure range 300-2,000 psi, 
maximum flow 50 gpm, weight 19 Ib, 
price $490. 

(131) PRESSURE MEASUREMENT. 
Kollsman Instrument Corp. Describes 


typical instruments for testing psia, psig, 
psid, vacuum or negative pressure, and 














barometric pressure. All these “Kollsman 
Scientifi items are made by Kollsman 
ind sold by Scientific Instrument Cx 

132) PLUG-IN COMPONENTS. Alden 


Products Co. Bulletin (6x84), 4 pp. S« 
tions deal with a terminal card m iting 
ystem, basic chassis and plug-in packag 
back connectors for bringing all leads t 


one point of check, quick-locking, piloting 
fa t ning de vice monitoring unit 

13 VISCOSITY MEASUREMEN' 
Brookfield Engineering Laboratories, In 
Bulletin, 8 pp. Describes the Synchr 

Lectric Viscometer, which is made unique 
by its multi-speed rotational operation 
Accurate to 1 percent of any range, make 

a complete flow curve in less than 40 s 

134) X-RAY DIFFRACTION. General] 
Electric Co. Publication 7A-3690, 4 pp 
Discusses basic theory Bragg’s reflection 
method of analysis), definitions, analytical 
advantages, and applications in metallurg 


hemistry, et Includes typical patterns of 
fundamental methods of crystal stud 
] WATER VAPOR MEASURI 


MENT Scientific Instrument Div. of 
Beckman Instruments, In Bulletin 49 
on heet. Covers the Beckman Flect 
ivt Hyvgrometer which measure watcr 
ipor down to one part per million. A 
wy ws te per cent, take mpl i 


1] 
| li 


l 
1 34 he 


MW ce per minut 
ECTROHYDRAULIC CON 
PRO! Ihe Swiss Colony. Form S T-1 
+ pp l'ells how a implified “little blac! 
box pecially-wound coils, twe lectron 
tube 1 hydraulically operated four-wa 
valve) provide ontrol of pressure 
temperature, flow, and condensation 
137) MAGNETIC MEMORY PLANES 
General Ceram Corp. Bulletin MP-1 
+ pp. Pla com in cight standard 
fran i the bulletin: cach u ber 
ram S-| magneti ore 1 microsec 
vitching time) or Ferramic S-? 
mucroOs (ir ty pe is cle igned tr ran 
dom-acce mecemore the other for pr ial 
register lection memoric 
135) FRACTIONAL HP MOTORS. Rac 
Motor Cor Catalog, 16 pp Shows ac-d 


universal, d hunt ind di permanent 
magnet t pr Unit in be vound fron 
ipprox 1/3 to 3 hp and can accomm 
dat governor! \lso Ove! peed-redi 


| 
tion units for single or double reduction 


139) REPEAT-CYCLE ‘TIMERS. Eagk 


Signal Corp. Bulletin + pp. Describe 
the Multipu e line of tumer which offer 
more than tandard time le } 
variable time ings each on a | rat 
13 total tim les available within each 
ratio Charts tell how t lect tim 
range and tim ‘ 

14 INSTRUMENT COUNTERS 
Durant Mfg. Co. Catalog 4 6 pp. Cov 
ers Durant y cr 16 standard varia 
ti wl h have the fe ving characte 
ist hg n pet | 

rpm inte ttent, static torq | 1-07 
t Tat in TP f t Dp 

d ( 


141) SMOKE DENSTTY MEASURI 
MENI Industrial Div. of Minne poh 


He ‘ Regulate ( Data Shect 
10.14-2a ' heet Show how th 
J ce it nea t 
thy BR . i irt 
I t K ft id te and ! init f 
! ted t 1 Stack 


the NEW 


SOLFRUNT’ 


(SOLID FRONT CONSTRUCTION) 





% 


the gauge with 
BUILT-IN SAFETY! 


There’s safety with the new USG Solfrunt Gauge behind 
the face is a solid metal wall! In the event of a Bourdon tube 
rupture, pressure is released through the large rubber blowout 


back. The case is of aluminum 
Like USG’s Supergauge . 


with proper application the 


Solfrunt is built to last a lifetime 


ARC-LOC MOVEMENT 


Rugged beyond compare broad 


generated gear faces, deep stainless steel bushings. Calibration 
adjustments from rear by merely removing blowout back 


SEGMENT—Stainless steel, 


with nylon-faced gear section 


Nylon-to-metal bond stabilizes the nylon against expansion 


and contraction 


maintains accurate pitch diameter 


assures proper mesh with stainless steel pinion under severe 
temperature and moisture conditions 


LEGEND ON DIAL — gives complete description of socket, Bour- 


don tube, and movement 


material for ready identification 


MICROMETER ADJUSTABLE SELF-LOCKING POINTER — permits 
accurate repositioning of pointer 

Solfrunt Gauges available in 4'."’, 6” and 8!” sizes. For 
complete information on case styles, materials of construction 
and connections, write for Publication 1819 


UNITED STATES GAUGE 


Home of the WAPERGAUGE 





Division of American Machine and Metals, inc. 
Sellersville, Pa. 
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Every Sigma Engineer 


om 
Has His Own Sedan Chair! 


Fortune has indeed smiled on our engineering people, for theirs is the 
kingdom of the true vacation-vocation. Head back, mouth open, completely 
relaxed, a typical Sigma Engineer arrives at the magnificent plant 
each Tuesday through Thursday, 


Nig 
i 


— i = 
Dy re 
ready for another creative day in the company Pte *) 


of pure SCIENTISTS. (= \ His lot is not that of his father’s, 
Ct ww . ; . 
y “p looked upon as a virtue and 


something to be proud of 


about 10,00 A, M 


when hard work was 
The Engineer at Sigma 
devotes his day to stimulation, and receiving the plaudits of his fellows. 
Similarly, at his luxurious home in the sylvan setting 
known as South Braintree, the — Engineer's wile 
fairly bursts with happiness, * a ! so proud is she of her 


husband’s Achievement ~¢ “% i 7 in Life. Can she be blamed for 


: iy 
occasionally re-reading 


guaranteed life income, country club membership for all living relatives, 


his contract, whose benefits include 


and permanent possession of his illuminated desk nameplate ? 


If you would like to be an SSSSRE"*, send application to 
L. Quinlan at address below. No matter how good your 


qualifications, you will not be hired. 


*Satisfied Successful Sigma Sensitive Relay Engineer 


cmos A 


SIGMA INSTRUMENTS, INC, 
69 Pearl Street 
South Braintree, Boston 85, Massachusetts 


18? CONTROL ENGINEERING 






APPLICATION 
LITERATURE 


142) DIGITAL SYSTEMS. BJ Ele 


troni Borg-Warner ( Folder in 
ludes 10-pg booklet an t-p bulletin 
hirst seven pages of oklet are devoted 
to a discussion of the ng-block 
om ponent of digital t i Com 
ponent characterist iT n, and graph 
illustrate the linearity of ea np Le it 
| ot) ree rae ‘ 
a 1! “2 ~ 
o- "4 2 
= 

Following this discussion, four systems are 
lescribed in detail with acco npanying 
block diagrams. The above diagram, take1 
from page 8, represents a juential multi 
point measuring and recording tem 
Ihe digital gage, a miniat electroni 
transducer, is fully covered in the bulletin 
Curves showing the linearit tf tl rape 
temperature effect, hyst ind tran 
ent re sponse ri tim i j luded 
143) MK RO-POSITIONING larrand 
Control Tru Bulletin | pp 
Describes the Ipphie it i 7 tinea mad 
rotary positioning systems to t 1utomati 
control of machine tools She how thes 

tem called Induct n have een 
idapted to existing tool i vell as to 
tools under development. Linear system 
will position a machin riage with a 
maximum error of U.JOOL in., and rotary 
ystems are accurate to thin of ar 


he ac ompanying photo 


ome ¢ 
the rotary systems as p ited on page 1] 
of the bulletin 


144) SIZING 


Thermo Electri 


MINIATI 











pp. Contain omprehensive data on 
miniature bayonet thermocouples. Provides 
the user with a means of eas letermin 
idapte and immersion lengths for a g 
hole depth a method of lecting on 
thermocouple for various hole d pths by 
using different adapter size ind a method 
for determining proper pip lamp adapter 
length. ‘Terminals, connectors, and lead 
ire covered in the last four page 
14 STANDARDS SAVE MONEY 
American Standard \ ation In 
Booklet, “Dollar Savings Through Stand 
ird , 40 pp Show ho tandardization 
n industry has resulted in definite eco 
nom enefit Spells out these benefit 
in terms of dollars and specific p ntage 





of net ving Over 75 documented case 
tude overing 27 iver ncdustrie 
thorough i quaint the reader with lt 
ichieved to date Well indexed, the 
~woklet also contains a table of mtent 
howing the industs reporting, and a 
list of ab ations used im the text 
146 PRODUCTS & PROGRESS 
Consolidated Electrodynam ( orp Bul 
letin 130 pp. In the form of a general 
italog, rev the manufacturer’s line of 
instrument analysi ontrol, and data 
processin An outline of dynamic testing 
methods and a d ission of analog data 
. 
T i 
A + 
: 
7 
tem preced | pla 
p nent ivalla for the purpose 
Complete specifications are given for ¢ 
raphs, galvanomete imp! ition 
nad pre ncasu if eq t i 
digital data-processing te ncluding 
the SADIC and MilliSADIC fan \y 
pli ation yalytical eq pine t tor bot 
la rat and p mtrol i 
tin " 
ict ylanat 1 of th t et 
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For Complete Dependability 


ij Choose From T-E's Complete Line of 


THERMOCOUPLE ASSEMBLIES 


At Thermo Electric you'll find everything for 
measuring needs—sensing elements, instruments and accessories 
T-E's thermocouples are a good example. There's one for 
application, every operating condition. And each T-E thermo 
couple is manufactured under close control to exacting standards. 
They're available in lron-Constantan, Copper-Constantan, Chro- 
mel-Alumel and Platinum-Rhodium-Platinum 


your temperature 


every 


=a) 


wire tubular 


Heavy Duty Thermocouples and 
provide the rugged construction needed for severe 


while retaining sensitive performance. 


conditions, 


Protection Tubes (Thermo-Wells) 
straight or tapered, with threaded, 
mountings—are available in 


bar stock or built-up, 


flanged or ground-joint 


all commercial all 






materials for 


applications. 












Miniature Thermocouples ore made in o wide variety 
of types and sizes for any installation requiring a small-size yet 
sensitive assembly. 








=s = «<= 


Accessories include a complete selection of connection 


heads, fittings, terminals, quick-coupling connectors and extension 
wires. 


Thermo Electric 6.0 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ontario 
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CONTROL 
DEVICES 


ENGINES 
SYSTEMS 


WJ 












<4— COMBUSTION 


DEVICES 


Cut-away sketch of a 
liquid propellant engine 


R & D Engineers: can you fit into 
this picture? 


Chances are that one of the areas of engi 
neering listed at the right will fit you like 
a glove! All you need be is a research, de- 
velopment or design engineer with a de- 
sire for challenging work and pertinent 
background experience. 

ROCKETDYNE needs men with special 
talents to help design and develop rocket 
engines for long-range and intercontinen 
tal missiles. Its Propulsion Field Labora- 


tory—located on a 1700-acre site in the 
Santa Susana Mountains a few miles 
west of Los Angeles, California—is the 


largest rocket engine testing facility in 
the Free World. 
new design, development and engineering 
facility in Canoga Park, you will find the 
rewards of leadership 


Here, and also at our 


good salary, per- 


sonal and professional recognition, ex 


ROCKET 
many different areas of op- 


citing work and secure future. 
DYNE offers 
portunity. For example: as an Engines 
ROCKETDYNE, you 
full-seale 


of engine assemblies. You may 


System engineer at 


may direct construction on 
mock-ups 
design laboratory testing machinery to 
evaluate engine components or Ground 


Handling Systems and packaging for 
complete engines. 
ble for the 


ing schedules and the 


You may be responsi- 
programming of engine test- 
preparation of 
specifications for instrument procedures 
Or, you may be responsible for evaluating 
engine test data in terms of overall en- 
gine development. At ROCKETDYNE you 
can go as far as your abilities can carry 
you. Check these ROCKETDYNE opportu 


nities today! 


ROCKETDYNE FR 


A Division of North American Aviation, Inc 


BUILOERS OF 
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POWER 


FOR OUTER 


TURBOMACHINERY 





SPACE 


CONTROLS 


Power distribution, unit sub- 


stations, switch-gear, protec 


tive devices, control circuits, 


and relay circuits 


SERVOMECHANISMS 


Automatic feedback control 
systems using single and mul 
tiple loop systems, circuit 
analysis using Laplace Trans 
form Methods 
analog computer analyses, 


digital and 


and magnetic amplifier con 
trol systems 


INSTRUMENTATION 


Digital data systems, mag 
netic core circuitry, statistical 
application, magnetic ampli 
fier, vibration studies, and in 


strumentation development 


TESTING 


Design and operation of in 
strumentation systems con 
sisting of tape recorders 
electronic pulse counting 
equipment, recording oscillo 
graphs and electronic record 
ers used in testing large rocket 
engines. Also design and oper 
ation of large electrical prime 
movers used in the develop 
ment of large rocket engine 
pumps; and electrical control 
consoles used in static testing 


of large rocket engines 
DESIGN ENGINEERS 
RESEARCH ENGINEERS 
DEVELOPMENT ENGINEERS 
TEST ENGINEERS 


Write to A. W 
Rocketdyne Engineering 
Personnel, Dept CE 1156, 


Jamieson, 


6623 Canoga Avenue, 
Canoga Park, California 








CONTROL PULSES 
AUTOMATIC RANGI 


Minneapolis-Honeywell, which was 
never a company to let the grass grow 
under its feet, is doing just that these 
days, and making a lot of farmers 
happy in the bargain. ‘The company s 
delicate temperature controlling im 
‘truments have been built into a littl 
black box created by a Belgian in 
ventor and manufactured in this coun 
try by Niamco, Inc., of Dallas. Six 
days after seeds and chemically-treated 
water have been placed in the box’s 
seven incubator-type drawers, there 1 
enough grass to feed ten cows. Ne 
ioil is needed, since the mixture is 
automatically irrigated daily with dis 
olved nutrients 


DEMONSTATION KIT 


Hammarlund Mfg. Co. is selling 
automation in a satchel, ‘Two small 
units, one representing a process and 
the other a contro} panel, are hooked 
together by a coil of ordinary tel 
phone wire and plugged into the busy 
executive’s wall socket. Hammarlund 
demonstrators stress the point that 
their equipment works just as well 
when the distance between the two 
units is miles as when it is inches 
And in both cases, telephone lines 
do the job. The actual system is called 
COC (Centralized Operation Con 
trol) 


TESTING TIME TOPPLES 


A reversible method of measuring 
input and output torque of variable 
speed drive units saves time in testing 
for efficiency and other characteristics 
(he method is based on electrical 
measurement of bending strain in hori 
zontal cantilever beams, the beam 





which prevent the cradled drive motor 
and output dynamometer from rotat 


ing. ‘The bending strain is measured 
by resistance wire strain gages and 
transmitted to a dial indicator on 
which torque up to 1,250 in-lb. can 
be read. This new method greatly 
duces the time required for each test 
and makes reversing ¢asy 





Ue 





NOW YOU CAN BUY 


Clesypre’ SINCHROS 


OFF THE SHELF! 


for 
extreme 
accuracy in 
transmitting 
signals... 





SHIPMENT GUARANTEED WITHIN 
9 DAYS FOR COMMERCIAL UNITS 


.. and within 20 days for Mil Spec units. 
THESE UNITS ARE NOW ON THE SHELF 


(subject to prior sale) 


1HG 1HDG 3HCT 5F 1HG400* 
1F 3HG 3HDG 5D 1F400* 
1HCT aF 5HG 5HDG 1HCT400* 


*400cy units are available to commercial specs only. All 
others are available to both military and commercial specs 


In addition to above units, Ford Instrument 
currently has many other sizes and types of 
synchros in production and approaching shelf 
Status — also specials. Call or wire R. Banka, 
Component Sales Division, (STillwell 4-9000, 
Ext. 513) for prices, or check and mail cou 
pon below, stating quantity. Check coupon 
space indicated if you wish FREE booklet on 
Ford’s complete synchro line 





 eleeinisieentnientsestententeteneatedetenenententaetaen 


Component Sales Division ce 


FORD INSTRUMENT COMPANY |! 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y 


Please send me prices and characteristics of the units 
checked below 


1HG 1HDG 3HCT 5F 1HG400* 
1F 3HG 3HDG 50 1F400* 
1HCT aF SHG 5HDG || IHCT400* 


*Available to commercial specs only 


Units should meet Please send me 
military specs FREE booklet 


Nome 
Position 
Company 


Street 


City State 
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WHAT’S NEW 






announces 


* 
all recis 
an unusually precise au, around the 
Business Loop 
(from page 52) 
for basic research > r nly, and 
SERVOMOTOR- °°: 
vately-owned compute i Du oly 
ing peciic industrial and defense 
TACHOME ER | ce ign problem inn the POCNCTaAl 
é purpose universit omputing labora 


} torv doesn't have m ur of 


Companies A-Building 






4 “ 
: " Le : PA significant move by the Wash 
i HIGHER r 4 ington, D. C., laboratori of the 
National Bureau of Standards to 550 
! i — 
i AMBIENTS L icres of land near Gaithersburg, Md 
1 4 Ihe shift from the facilities on Con 
ag eS era } e . cs i necticut Ave. in Washington, which 
24 a et'aen Si the bureau first occupied in 190 
! j expected to take five vear Man 
! of these buildings ar temporary and 
' most of them are outmoded, but all 
‘ because of the growth in stature of 
: the bureau itself ire historicall 
ot a important 
Since 1903 the bureau’s responsi 
a GREATER bilities have greatly increased, largely 
SIZE 11 ' is a result of the rapid f 
a aS : ) 0 ( pi expan Ion oO 
fv dor ian ' technology and cientih research 
' RUGGEDNESS ! (here is need now, therefore, for 
! ! extensive programs of research and 
De ee ee oe oe me me el development in the phy ical 1ence 
and engineering to meet the demand 
for MENTATION for new and improved — standard 
RU ind measurement methods, method 
iInSsT CONTROF which the limited facilities in th 
IRE District cannot foster, In their new 
. yroriLoTs rural setting, the bureau’s scientific 
A programs will be free of such urban 
mis sites Ss interferences as mechanical, electrical, 
puTeER ind atomospheric disturbances, and 
COM conversely, will not interfere with 
° in phase community — life Ihe decision to 
EEATURES: | 13.9 mv quadrature leave the Connecticut Av ite fol 
Zero Spee (RMS) 73.0 mv total lowed conclusions that renovation 
Voltas 450°C . would amount to more than half the 
p 5% @3600 rp : estimated cost of a complete new facil 
ambient tem . 14 specifications itv and that space for further expan . 
Linearity = t gearnead for EXA sion was lacking 
Serve with precision > Iixpansion by Perkin Engineering 
Eau SD embly- Corp. through purchase of a new 
ot ° ce ass ian building adjacent to present facilitic 
ove) talied intormatlo in El Segundo, Calif. The company 
tor complete - intends to use the additional room for 
write manufacture of such standard items a 
k } de power supplies, ac line voltage regu 
lators, and airborne radar power sup 
y y plic ; and for initial work in sheet 
ASTERNV A/4 VICES. INC metal fabrication and production of 
SOLVING SPEC‘AL PROBLEMS 1S ROUTINE AT EAO tr imsformers and magnetic implifier 
375 CENTRAL AVENUE © DOVER, NEW HAMPSHIRE > New facilities for research and devel 


186 CONTROL ENGINEERING 








NOVEMBER 1956 183 





New Horizons 
for Research Engineers 


Engineers Apply Now for a Lifelong Career 











NEW BENDIX RESEARCH LABORATORY LOCATED IN 
SUBURBAN DETROIT OFFERS OUTSTANDING FUTURE eaten 
COMPUTERS 
ANALOG 


The imposing contemporary structure work in the following fields: 2 DIGITAL 


pictured above is destined to change th 
SERVO MECHANISMS 


lives of many research engineers. /¢ may For this modern laboratory, Bendix need 
even change yours. \t is the new laboratory engineers and scientists with imagination RADAR RESEARCH 
wry A we 
of the Bendix Aviation Corporation Re and research ability for permanent careet AND MICROWAVE 
seare h Laboratories Division, lo« ated in position . Here is a treme ndou: chance to MECHANICAL SYSTEMS 
quiet, uncongested suburban Detroit. Thi grow prot onally . . to do first-cla 
AUTOMATION 
modern installation is designed to provide research work... to take part in the ex acu DEsicy 
ViA ’ JESIGN 
» resear an with ideal working con oration of new ds... ane come . 
the research man with ideal working co ploration of n field ind to become MACHINE TOOL CONTROLS 
ditions and atmosphere. Its facilities and associated with one of America’s great 
: , ee INS ' , 
equipment are the most modern, and it scientific organizations. If you're in PHYSICS INSTRUMENTATION 
' x MASS SPECTROSCOPY 
offers an unusually creative environment terested and would like to get in on the 
for advanced research and deve lopm« nt ground floor, act today! SOLID STATE PHYSICS 


MISSILE GUIDANCE AND 


CONTROL SYSTEMS 
WRITE PERSONNEL DIRECTOR MICROWAVE TUBE 
OR RESEARCH LABORATORIES DIVISION DEVELOPMENT 
BENDIX AVIATION CORPORATION NUCLEAR REACTION 
WIRE 


4855 FOURTH AVENUE, DETROIT 1, MICHIGAN 


Researcu Laporatories Division oF ~ Genol7 


AVIATION CORPORATION 
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WHAT’S NEW 


opment for Lear, Inc., at Santa Monica 
Calif.) Municipal Airport. The build 
ing, next to Lear's other Santa Monica 
plants, houses the West Coast engi 
neering branch of its Grand Rapids 
(Mich.) Div., a group of about 100 
engineering specialists whose products 
include a_ stability system for the 
] 104A interceptor and a missile auto 
pilot. ‘The additional room will allow 
wider work in machine-tool control 
damper system design for aircraft, and 
drone and missile control 

P A home (250,000 sq ft) for Minne- 
apolis-Honeywell’s ‘Transistor Div. in 
Boston. Activities in the building, for 
merly known as the Hathaway plant, 
will be integrated with Honeywell’ 


M E L E T R 0 he Doelcam Div., also in Boston. In fact, 


many Of Doelcam’s products will be 


manufactured in the new building 
DIFFERENTIAL SWITCH Employment there is expected to 
reach 1,500. Also for Honeywell: a 
new acronautical plant ($4 million) to 


senses pressure differences be built near St. Petersburg, F'la., for 


its Aeronautical Div. Receipt of addi 


from 4 to 9000 p.s.i. tional agate contract prompted 





construction the 207,500-sq-ft 
with Proof Pressures ranging from 500 to 12,000 P. S$. I. plant, which will employ 1,500 by mid 
. , ‘ ‘ Bink ' 1957. It will be Honeywell's first fa 

A good illustration of this switch function is its application cility in Florida 
on multiple stage compressors. If a failure occurs in one of > A half-million-dollar plant in West 
the stages the switch will signal the pressure difference change chester, Calif., for Daystrom Pacific 
or shut down the system to prevent damage. Corp., a subsidiary of Daystrom, Inc. 


DPC and its American Gyro Div. will 
move into the 50,000-sq-ft office-r 


EXTREMELY Note, that we don't use search 5 ewig my Seeman a 
ACCURATE LINKAGES AND BEARINGS atmosphere, controlled temperature, a 


Simplicity of direct act- lunch patio, and a 250-car parking lot 

ing design plus rugged whichy as they wear, P A one story office and manufac turing 
precision construction cause settings to drift. structure (5,500 sq ft) in We stbury, 
make for long, unchang- iy N. Y., for Consolidated Avionics 
ing repeat accuracy. Corp., a subsidiary of Consolidated 


Diesel Electric Corp. 
P Additional space (55,000 sq ft) in 








IN ANY PRecause we don't use Stanford Industrial Park for Levinthal 
Electronic Products, Inc. ‘The new 
POSITION 4 plant, now a-building, will augment 
on moving equipment, LIQUID SWITCH ELEMENTS present installations in Redwood City, 
even under vibration, which require that the Calif. Administrative, research, and 
switch performs with pressure switch be engineering activity will concentrate 
equal efficiency. mounted absolutely vertical), which on high power microwave equipment, ‘ 
make it very critical to vibration. scintillation-crystal development, and 


medical electronic apparatu 
PA new hon 102,000 q ft just 
To get complete operating characteristics and specifications ask completed in Waltham Research & 
for bulletin 532 Development Park, Waltham, Mass 


for Baldwin-Lima-Hamilton Corp.'s 

year-old Electronic & Instrumentation 

BARKSDALE VALVES Div. The $3-million facility brings to 
gether under one roof three compani 

PRESSURE SWITCH DIVISION acquired by B-L-H in the past few 

years as well as the Testing Equip- 


ment Dept. of its Eddystone Div. Key 
personne] from the four units have 





5125 Alcoa Avenve, los Angeles 58, California 
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FREE 


Making possible for you 
the maximum utilization 
of available design theory 







Publisher's 
Edition, $12.50 


This book will be given to you 
with your first selection and 
charter membership in the McGraw-Hill 
Electronics and Control Engineers’ Book Club 





a 


Control System Synthesis 
E by John G. Truxal 


Associate Professor of Bleoctrical 
Kungineering 
Polytechnic Inatitute of Brookiyn 





A notably complete and current compilation of methods 
useful in the design of feedback systen This graduate- 


e level account of modern feedback theory, with emphasis on 
Announcing the synthesis of feedback control systems, includes an 

eee abundance of worked examples and concise summartes 
which make it invaluable for both advanced students and 


. practicing engineers 
a new McGraw-Hill Book Club “The book is highly recommended to all engineers.” 


Physics Today, August, 1965 


for Electronics and Control Engineers ——— ------- 




















| , : 
The McGraw-Hill Electronics and there will be at least three that | Mait Entire Coupon to: 
Control Engineers’ Book Club is you would buy in any case. By | The McGraw-Hill Electronics and Control Engineers’ Book Club 
being organized to provide you joining the club, you save yourself | 330 West 42nd Street, New York 36, NY. P.O. Box 97 
with a technical reading program the Irritation of shopping and save, Please enroll me as a member of the Blectront« and 
that cannot fail to be of value to in cost, about 15 per cent from | Control Engineers’ Book Club. I wish to take as my 
you. It will bring to your attention publishers’ prices. No comparable | first selection the book checked below 
outstanding books in your field program could be so convenient } Control of Nuctear Reactors an Profe f Engineering Destan 
which, through a variety of human or 80 economical. | Power Piants by M A. Sehult t'nive f California Pub 
reasons, you might otherwise miss How the Club operates. Every | prestinengust Fleet ri . , n, $7.50, Club Price 
Stop here for a moment and check second month you receive free of | Price ry 0 semen ~ ~ P leat Strat a 2 
the ten important books listed in charge The Electronica and Con Transistors by Abraham Cob y. Williame, Teed or the Morb: 
the coupon. How many of these trol Engineers’ Book Bulletin (is- | lenz, Translator Produc Ine and : iy n, The Rand Corpo 
books do you own? Have you been used six times a year). This gives | H. L. Owens pase Instrument ation, I he PAition, 4.75 
denying yourself the stimulus, the complete advance notice of the $4.04 Club Ne ae mere, Baitlen ib 3 $4.10 
positive help that they could give next main selection, as well as of | Electrenic and Radie Eneineer Controt-System Dynamics by 
you? They are the contributions a number of alternate selections | ing, 4th ed, by F. FB. Terman y = a eo — 
of specialists in almost every If you want the main selection Professor of Klectrical Engines ee, ee ee eee 
branch of your flield—authorities you do nothing: the book will be ] ing, Dean of the Achool of En an Aviation, It Publisher's 
who offer their practical guidance mailed to you. If you want instead | Qietichn’e BAltion ' : gt tA ' n, $7.00. Club Price, $5.95 
- * for your use at any time. Possibly an alternate selection, or if you Price, $10.6 — , Electronic Measurements, nd 
just one idea from one of these wish no book at all for that two- | Introduction te Electronic An ! w Y . Termar *rofeanat 
books could mean more to you in month period, you notify the Club | alogue Computers by © A A - jem eo me ane 
actual dollars and cents than simply by making use of the form Wana, Ben Principal Helentis a I N wn ry ~ & 
many times the cost of the book and return envelope provided with | ppm _ ~ i : - Ving ne, tant 
Add any one of them to your per each Bulletin for this purpose | n,' $6.50. Club Price $5 50 Piusbiiet FAition 
. ’ sonal library and you are apt soon , ~ — . me Linear Feedback Analysis | . Ciub Priee, $9 
to number it among the at ef You ness BO accept & book oyery i] i. Thoma wy aie earct Elements of Servemechaniom 
; . other month. The purchase of as Katablichment. England. Publis Theory G. J. Thaler, Assortate 
fective working tools in your few as three volumes in one year i] ers Edition, $8.50. Club Price ' f Filectrical Pngines 
possession fulfills all your membership re 87.2 g. | ‘aval J graduate 
The choice is yeurs. These ten quirements. And if you choose, you | Analog Methods in Computation Mart Publishe FAition, #750 
books suggest the quality of the may cancel your membership any- | and Simulation by W. W " Club Price, $6.4 
volumes which will be made avall- time after accepting just three I am to receive FREE with the book checked shove « gift copy of 
able to you as a member of the books | garomarie Teele f anton Aystom Bonehaats You win bit) me for aay 
. . ler on ! the eper f f) ” tf? tho ' ts 
Club. All selections will be chosen Send no money—just the coupon. | ~ mone ed ter ft we : E ’ , 4 . 
by the editors of the McGraw-Hill Why not immediately enjoy the | Fortheoming selections will be deseribed to me in advance and I may de 
Book Company whose thoroughgo stimulus and positive help this new cline any book. | need take or eleet ion alternates in 12 months 
ing eaeemene=s, & tn —— program can afford you? By tak- | : me gt ne We Cay SEES Y on ie Sees 
and vaiues ¢ era a pec pres 
i sone aeld will be your quaren ng adv nocaee = this special offer, | No-risk guarantee, If net complet satiafied, I ay return my fire 
cae of tha authartativanenn of the vou wi receive absolutely free | shipment within 16 days end my membership « be canceled 
Dr. John G. Truxal’s Automatic 
selections Feedback Control System Synthe | Name (Please Print 
From this point on, the choice is sia, together with your choice of Address 
yours. We ask you to agree only any one f the ten books show | 
to the purchase of tases socte ina above as your first selection—at | . al : nd 
year. Certainly out of the large the special Club Price This offer ie available only in the United Gistes and ite pescossions 
number of books in your field rae r | in Canada write MeGraw Hill Canada, 253 Spadina Road, Torente 4 
fered you in any twelve months So mall the coupon today! L cpamanamenanpanapabanananenepas a» ananasane goananpal 
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New ... Post’s multi-channel 
counters answer industry's 
need for a “total” count 

from several production lines 
at any given moment, 
Working in conjunction with 
a Post DECITRON electronic 
counter, the multi-channel 
system requires a photohead 
for each production line . 
relayed signals are tabulated 
by the MC and transferred 
to the counter instantly for 
visual evidence of “total”, 


MULTI PRODUCTION LINES NEED: 


POST mutti-channet 


counters 





MC—MULTI CHANNEL INPUT UNIT 


Post also manufacture a variety of photo electric relays 
and industrial timers ideally suited to multi-production 
control systems. Write for descriptive literature. 





Electronic Products Division 


POST MACHINERY CO. 


CONTROL ENGINEERING 








163 Elliott Street 
Beverly, Mass. 





WHAT’S NEW 


rall ferred to \V\ iit I tak il 
posts in the buddin n. Among 
them are Arthur Ruge, ap ited part 
finn pecial consultant brank | 
Line tatt onsultant kid I J 
Jon chief engin f the SR-4 
train gage tion r fi division 
Joseph Kriz, direct f manufactur 
ing ind John Piet in 
tendent ot manufact Ruge 
I dine ind Jon dent, ex 
utive ICe-pre ident e-p 
ent for enginecrin ti ot 
Ruge de Forest, Inc t ( 


Ma Kriz Vas ina f ti Kle« 
tronics Div. of O. S. Peters Co. at 


Washington, D.( Piet zka 
nanager of Sonntag Scientific Corp 
(Greenwich, Conn. ‘| tT Pet 
nen and seven th roi sonnta 
Have ilso taken uy juartel i 
Waltham, Consolidat f the widel 
ittered B-L-H propert not onl 
ut i brighter light on the big | 
motive maker in r testin inst 
ment train gage ! test 

nD ind = testin ’ but 
promises a one-third in » the 
produ tion. Estimate { vorth 
f output per m nth | the end of 
hi veal 
> A third plant for National Electron 
ics Corp. in Los A to | the 
OM pan gencral tT 


PA new building in Burbank, Calif 
for many of the departments of Weber 


Aircraft Corp.’s youn +-month-old 
Electronics Div., which mal imong 
ther things, a low-cost h-perform 
nee analog omput Amplifi 

cillograph ind com) t tem vill 


be turned out her 
7 Mor room for bri Resistor ( orp. $ 


Electro-Mechanical Diy. in |! \ 
gel Under Joseph Mart vi 
omes to Burbank from | px 
visor, the plant will ply the West 
Coast area with Erie a iblic in 
luding computer mmunication 
device ind missil ind other milit 


quipment 

PA home which v tually ex 
pand to 75,000 sq ft is Ramon 
Calif., for Aerojet-General Corp.'s 
new Aerojet-General Nucleonics su 


diary Special produ t ts have 
been de igned for } ‘ fF thy ub 
idiar\ portabl f it AGN 


1 reactor, which A t ills th 


first ma produ a t t 


STOO.000 


> Among recent | 


Machine Products, Tool & Die, an 
Electronic Components Mfg. Divs. 
Burroughs Corp.'s Haydu Brothers 
ubsidiar' by Gi iz 
Ilavdu. who have f Havydu Elec 





WHAT’S NEW 


tronic Products, Inc., out of these 
facilitic 
COmponc! t ft iT 


Planned for production are 
electronic tubes, pr 
cision burners for tubes and gla 

works. George Haydu is president of 
the new Plainfield, N. J., concern 

P Also: Triad Transformer Corp. and 
its Indiana subsidiary, Ultrad Corp. 
(electronic transformers, reactors, to 
roid coils, wave falters, etc.) by Litton 
Industries; Western Design & Mfg. 
Corp. (a special hydraulic pumping 
jack for oilfields; motors, actuators, 
cooling equipment, and blowers; and 
urcraft and missile components) by 
U. S. Industries, Inc.; PSP Engineer- 
ing & Mfg. Co. (aircraft solenoids) by 
Induction Motors Corp., and General 
Logistics Corp, (load control and tic 

down equipment for aircraft and 
trucks) by Aeroquip Corp. 


Important Moves 
by Key People 


(from page 46) 


> Raymond J. Barclay, who has been 
with General Electric ince 1942 in 
various capacities, has been named 
manager of manufacturing for the In 
dustrial Computer Section. His dutic 
will consist 
of the 
digital computer 

cm l'wo directors of Ramo W ooldrid r¢ 


have moved up to vice-pre ident of 


of overseeing production 
ection’s line of analog and 


their re pective departments They 
ire: V. G. Nielsen, formerh 
of administration and finance ind 
Gordon P. Saville, formerly director of 
military requirement Nielsen ha 
ilso been assistant dean of the Harvard 
Graduate School of Busine Admini 

tration and director of administration 


cirector 


of Hughes Aircraft Co.; Saville, a re 
tired Air Force major general, wa 
most recently de puts chief of staff for 


ce clopment bk idquarte! USAI 
© Lear's LearCal Div. has established 
Advanced Ds velopment Dept. 


to guide expansion In Sy 


1 new 
tem develop 
ment, studi ind analyses, and ha 
put Dallas V. Franke in charge of it 
I'ranke, formerly research director and 
iles manager of Cal-Tronics, has also 
been with American Electronics (chief 
engineer), Hugh Aircraft (research 
engineer ind Gilfillan Bro enor 
engineer 


© Norbert Weber, a native of Franc 


who has been in this countrs mice 
1948 a mior project engineer and 
manager of industrial sales in Philadel 
phia and Buffalo for Beckman Instru 
ment ha been named | uropean 
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Saves 40% Space! 


TRONGER, TOO 


Than Outmoded ‘ 
Tie Rod Cylinders! 
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pacemaker 


CYLINDERS 


Offer All The Extras As Standard! 


@ NEW exclusive ingenious Cushion Designs 


y 





Super Cushion Flexible 
Seals for Air... New Self-Aligning Master Oi! Cushion 

@ Compact design eliminates tie rods, saves up to 40%, spoce 

@ Proven Performance . . . with Extra High Sefety Factor 

@ Hard Chrome Pieted Bodies and Piston Rods (Standard, at no extra cost) 


@ Oll pressure up to 750—AlIR to 200 P.5.! 





You'll find many answers to automation in 
your plant with T-J Spacemaker Cylinders! 
Designed with years-ahead features for top 
performance and dependability. Wide range 
| , H of styles, capacities for all kinds of push- 
pull-lift operations reduces man-hours and 
{4% |} costs! Write The Tomkins-Johnson Co., 


Jackson, Michigan. 


14 wagemasee . MEMBER OF THE NATIONAL FLUID POWER ASSOCIATION 














NEW LITERATURE 


for new Bulletin with complete 


send today 


TOMKINS-JOHNSON 


sivitoes aff ane fF OLIC Crirmores Curries 
details of Specemaker line 
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ACTUAL SIZE 


















® Resistances — 10 ohms to 100 kilohms 

® Ganging — up to four units 

© Three mounting styles — plain-bushing, 
split-bushing, or servo 


e Encapsulated designs available 


range 55 to 
aluminum body 42” diameter 
corrosion-resistant-alloy bushing; all electrical 


‘ ned 
Wdayid 


R MANUFACTURING, in 


CONTROL ENGINEERING 


/ 


WU 


Us L LEC-U ouUtnd 


up 10 100 K 


PRECISION 
POTENTIOMETERS 


Now You Can specify a Waters pot for your miniaturized designs 
that require 5OK and LOOK potentiometers. In the reliability-proved 
construction of the AP-'2, these new, higher values give you: 





® Three terminal styles — radial, axial, or wire-lead 
® Automation models — for printed circuits 


General specifications: Centerless-ground, stainless-steel shaft can 


0 


be sealed with O-ring; gold-plated, fork-type terminals; 2% standard 
linearity for SOK and LOOK 5% for lower values; temperature 
1L05C, to 125C on order; 2 watts at 80C; anodized 
¥2” long Va” 


Do you ever need pots that are “just a bit different’? May- 
be we can help you — by modifying a standard Waters 
design or by taking a bold, new approach. Tell us your 
need and we'll tell you what we can do. 


C. 


long for 
connections 
welded or soldered; furnished with stops or for continuous rotation. 
Write for data sheet on these dependable 2” potentiometers 












WHAT’S NEW 





manager of Fisch 


national Div. He will work out of ‘The 
Hague, Netherlan nating en 
gineering, production ( iles of 
the company’s four European manu 
facturing iffiliate ind nine engince 

ing representative 

P Among the Dig mame being 
brought in on Ford Instrument Co 

closed-cycle reactor project Crk, Ox 


tober, p. 42) is Pio Franco Martinuzzi, 
who will be technical consultant to the 
vice-president for engineering while 
continuing as professor! 
engineering at Stevens Institute. Mar 
tinuzzi’s specific area at Ford will be 
the Atomic Energy Section, where he 
13 expected to make full of hi 
knowledge about gas turbin He 


Tice h ini al 


considered an international authorit 
in this field. In 1945 h turned to 
his native Italy to head the Gas ‘Tur 
bine Section of the It » National 
Research Council 
eries Of lectures in th untry for 
the ASME and in 194 namee 
Calvin Rice Lecturer by the associa 
tion. He taught at Cornell befor 
joining the Stevens faculty in 19 

P joseph L. Borden, who has been 
with Perkin-Elmer Corp. since 1949 


most recently in ipplicati engineer 


ing and sales work in connection with 
process control instruments, has been 
iamed head of the Infrar Instru 
nent Development Section of the En 
gineering & Optical D Betore com 
ing to Perkin-Elmer, Borden was with 
servo Corp. of America and The 
Glenn L. Martin Co 

© Armour Research foundation ha 
promoted Harold L. Garbarino to a 
istant manager of the Electrical kn 
gineering Research De pt A specialist 
in clectromagneti ippa 
tronic component (,arbarino§ take 
charge of the ARI hlectri Ma 
chines, Component \leasure 
ments Section, where he had been 
pervisor since 1954. He ne to the 
foundation in 1951 from G ral E] 
tric. where he had been a lopment 
engineci 

© Richardson Scale Co. ha ippointed 
two veteran compan to vice 
presidents. ‘They are Burke 
with Richardson for nd chief 
engincer nce 195] im William 
Hamilton, a 25-year man whose last 
position wa midwest m 

> B) Electroni 1 unit the Byron 
Jackson Div. of Borg-\ } Cx 
has ippointed John R. Harkness 
president and general 1 

Paul J. Holmes tech t 
Harkne come to B] I tron 
from Kearfott Ce vii 1 be 


Arthur J 








Western Di general manage! 
Holmes, whose headquarters are at the 
company's new facility at Santa Ana, 
Calit., also takes on the duties of tech 
nical consultant in electronics to the 
Borg-Warner Research Center at Des 
Plaines, Il] 

» Erwin Tomash, formerly vice-presi 
dent of Telemeter Magnetics, Inc., is 
now president. His election follows 
the resignation of William K. Squires. 
> Planning Research Corp. has added 
Joseph J. Putegnat, formerly chief of 
operations of the analysis ofhce at 
White Sands Proving Grounds, N. M 
to its staff as an associate. He will 
make supply and maintenance studies 
in connection with missile systems 
‘lwo former National Bureau of 
Standards men are back on the bu 
reau’s payroll. ‘They are: Almon W. 
Spinks, who came to NBS in 1929, 
left in 1953 to join the Diamond 
Ordnance Fuze Laboratory, and now 
is back as head of the Aircraft Ele 
trical Network Laboratory; and Har- 
vey W. Lance, whose affiliation with 
the bureau began in 1948 when he 
was named physicist and electroni 
scientist in charge of microwave re 
search in connection with missil 
guidance systems. In 1953, when 
Lance left the bureau, he was head 
of the Microwave Systems Div. He 
returns as chief of the Calibration 
Center now under construction at 
NBS Boulder (Colo.) Laboratories. 
Neither man really “resigned’’ from 
NBS: they simply accompanied their 
respective organizations when these 
organizations spun off on their own 
The bureau’s new assistant chief of 
the Calibration Center is Wilbur F. 
Snyder, a 30-year man who most 
recently was assistant to the chief 
of the Radio Standards Div. and act 
ing chief of the Calibration Section. 
> Mark M. Lotkin, formerly in charge 
of the Mathematics Section at RCA 
Service Co., Patrick AFB, Florida, has 
taken on similar duties with the Re 
search & Advanced Development Div 
of Avco Mfg. Corp. He is known as 
a specialist in applied mathematics 
and computing machines. 

PA recent addition to Panellit’s de 
velopment staff is Donald F. Gimpel, 
who takes charge of electronic proj 
ects. Gimpel, who has been with 
Armour Research Foundation, Sear 
Roebuck & Co. (he helped develop 
the latter's order entry station ma 
chine), and Northwestern University 
(where he received his PhD and 
worked on analog computers), will also 
issist in Panellit’s systems research 
program 

> Eli M. Goldfarb, a new senior 
project engineer at Levinthal Ele 
tronic Products, Inc., has been as 


Other important moves, page 
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W. W. Crissinger 
Chief Field Engineer 
Galion, Ohio 


P. Van Valkenburgh 
Field Engineer 
Northeast 


John Billis 
Field Engineer 
Mideast 


Urioh L. Allen, Ir. 
Field Engineer 


Washington, D Cc 


Ned B. Earley 
Field Engineer 
Central 


Clayton Kielich 
Field Engineer 
Midwest 

H. E. Peters 


Field Engineer 
Pacific Coast 


OU 


THESE MEN 


TO WORK? 


Meet the Industrial Field Engineering Staff of North Electric 
Company. Their job is to serve your design groups as engi- 
neering consultants (without fee) in determining whether and 
how to use relays as control components. 

This exclusive North engineering service pays off for you, and 
for North, because of the many cases in which they can aid 
in the development of simplified dependable systems .. . with 
all relay controls. These competent engineers are based near 
the key centers of industry. One of them can be at your door- 
step promptly if you will write, wire or call the Galion office 
— Galion 2-4201 ... regarding 


NORTH RELAYS 


as components or control assemblies 


“BUILDING BRAINS IS OUR BUSINESS” 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY 


Galion, Ohio 
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Simulating Chemical Reactor 


From “Analog Computer Simula 
tion of a Chemical Reactor’ by 
I, L. Batke, R. G. Franks, and 
I. W. James, E. I. du Pont de 
Nemours & Co., Inc. ISA papel 
56-7-2, presented at the ISA Con 
ference, New York City, Sept 
17-21, 1956 


Ihe chemical reactor under in 
vestigation by the authors exhibited 
instability due to exothermic type 
reactions, distributed parameters, and 
reactor recyck lrial and error ap 
proaches to improving proce opera 
tron could, of course, have been mad 
directly on the plant, but this was not 
practical because of the loss of pro 
factor 
Therefore the proc wa 
jimulated, to a great degree of a 


duction and other economic 
involved 
curacy, on a general-purpose analog 
computer at Electronic Associates 
Princeton Computation Center. Onc 
the basic building blocks were deter 
mined for the simulation, the variou 
adjustments of time constants, dead 
time, and scale factors were made 
Comparison with actual plant record 
showed an excellent simulation had 
been provided. ‘Trial and error change 
then were made on the computer to 
find out what corresponding changes 
would have to be made on the plant to 
reduce instability and maintain r 
quired product quality and quantity 
Kigure | shows the reeycle reactor 
process described by the authors and 


—— = 
-_ _—- 
Recycle H, 

2 

















RECYCLE REACTOR PROCESS 


simulated on the analog computer 
Since the computer simulates the dy 


namics of this reactor, it was first 
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necessary to determine the dynam 


In discu sing their analysis of the 
reactor before it was mechanized on 


+! 


he computer, the authors present an 


excellent review of the dynamics and 


considerations involved in such chem 
“This 


typical example of a 


ical processes reactor is a 
ystem which 
yields a set of partial differential equa 
tions with time and distance (path 
length through reactor) as independ 
his class of equations 
ipproximated by replacing 
patial derivatives with their finite 
equivalent: Phi 
means that the 
in arbitrary number of zon 


case four It is 


ent variables 
must be 


merely 
split into 

in thi 
assumed that each 
zone has a uniform temperature and 
composition Ihe reagents flow suc 
cessively through these zone 


difference 
reactor 


CATTVING 
the temperature and composition of 
the preceding zone to the next zon 
I'he system equations are derived by 
a heat and material balance 

igure 2 shows how the system i 
divided into four zones to simulate 
Develop 
ment of the heat and material balanc 
equations are given by th 


© material balance 


the recvcle reactor proce 


autho 


Simple integration 
the constant on the k isolate 
the required parameter he com 
position, and T,, zone t rat 
thu 











hese equations, one for ea h of the 
four zones, can be mechanized with 
tandard computer equipment and 
techniques 

rhe transport lags between zon 
is shown in Figure 2, ar 


with a 


! 
mulated 


vhile the 


imple dead time 
dead time in the recyc]l pipe requ 
in eight-root approximation 
tails for mechanizing the 
ire given in the paper. | 
mechanization of the mat 
equation 

On the simulator the 
connections, and dead 
justed so that the four-zo 
tion adequately represent 
distributed-parameter 
obtained a satisfactor 
lation of the plant react 
possible to test out va 
for overcoming the in 
hrst experiment was to 





cycle tank size by decreasing the ap 
propriate attenuator setting and noting 


its effect on voltage oscillation. It wa 


found that a tank 32 times greate: 


+ 


haan 
x < 


was necessary to damp out the oscilla 
tions, and a high pressure tank of thi 
size was not a feasible proposition 
Several other ideas were examined 
which required changing the reactor 
size, the height of the catalyst bed, 
decreasing catalyst particle size, in 
creasing ecyvcle flow controlling I 
flow from other measured variabk 
and so on. The sum total of the r 
sults from the tests provided a sound 
basis for making changes to the reactor 
system, which have since proved satis 
factory 

his paper makes a worthy contri 
bution toward a better understanding 
of chemical process plant dynamic 
and how they are simulated on an 
analog computer to investigate im 
provement 'wo pages relating to 
the paper—treferences and a table on 
computer building blocks—are mis 
ing from the Proceedings, but this 
omission does not detract from the 
good information presented 


X-ray Measures Coating 


From “X-ray Tin Thickness Gauge’ 
by D. D. Doran, Bethlehem Steel 
Corp ISA paper 56-22-2. presented 
at the ISA Conference, New York 
Cit Sept 17-21. 1956 


Electrolytic tinning of heet steel 
on a continuous basis introduced 
many complications which did not 
previously exist when tin was applied 
by hot dipping. Hot dipping applied 
about 1.5 to 7 Ib of tin per 100 |b of 
steel. Coating thickness accuracy wa 
not too important because of the high 
percentage of tin used and because 
control of coating weights in the hot 
dipping method was too difficult 

But with electrolytic tinning coat 
ing weights dropped to about 1 per 
cent, thickne control becam« po 
demanded differential 
ind production speeds in 
creased tenfold. With this faster pro 


duction howeve 


sible customers 


coating 


thickness errors 
means either the customer does not 
get what he paid for or he receives too 
much tin. To prevent undercoating, 


the operator usually plates a little too 


aw) 
Series 
Aa Carr 404 
| POTENTIOMETER DIVISION 


PANEL MOUNT SHOWN 
SERVO MOUNT OPTIONAL 


SERIES 341 TEN-TURN PRECISION 
POTENTIOMETER 


Smaller in diameter than a fountain pen — no longer than 
a shriveled up Gryllidae Gryllus*, this tiny “pot” offers 
ultimate precision in the smallest package on the market. 


ACTUAL SIZE 


Check some of the standard specifications of fi 
built, wire-wound, ten-turn potentiometer 


SIZE: 17/32” x 1-1/8” 

WEIGHT: 10 gms. max, 

BACKLASH: Essentially Zero 

PHASE SHIFT: Less than 0.1° at 4000 cps. 
VIBRATION: 10gs to 500 cps (3 attitudes) 
LINEARITY: Best Practical 0.05% 


STANDARD MODELS AVAILABLE IN PRODUC 

NOW SPECIAL REQUIREMENTS CAN USUA Y 6 
TODAY FOR COMPLETE INFORMATION CONCERNIN 
OTHER MINIATURE WIRE-WOUND, PRECISION POT 


A 
Openings exist y qualified er 


WRITE TODAY FOR DETAILS ACTUAL SIZE 


One-turn, Wire-wound 
Precision 
Potentiometer 
Low cost 
HIGH PERFORMANCE 


tag leom uiiAl ll corP 


11150 LA GRANGE AVE., WEST LOS ANGELES 25, CALIF. 
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New 
Jechniques 
for the 
MODERN 
ENGINEER 





HANDBOOK OF 
SEMICONDUCTOR 
ELECTRONICS 


Covers the phyel 
plication of trans 
jShows how semi: 
manufactures 
section on methods of mathematical « 
and semiconduct« ‘ ‘ parameter 
enasurement iy Lloyd r. unter, Pro. ect | 
Engr, IBM. 656 pages, 504 Ulustrations, $12 


ELECTRONIC ANALOG 
COMPUTERS 


A practical and comprehensive 
a inalog 
sna sere equation solvers sim 

control system components Show 

ul problema for computation 

simples of practical applications tr 
probleme of applied mathematics and engi 
neering design, By G. A. and 
ed 164 pages, 7275 illustra $7.50 


ANALOG COMPUTER 
TECHNIQUES 


Gives specific techniques for the solution of aif 
fleult or unusual problems. The use of dlodes 
and differential relays in analog computation ta 
explained; and sections deacribe repetitive com 
puters and the principles of operation of digital 
differential analyzer quipment By © 
dohneon, USAF institute of Technology. 264 
pages, 148 illustrations, $6.00, 


MODERN MATHEMATICS 
FOR THE ENGINEER 


Gives you concrete help in three vital areas: 1) 
in formulating and solving design problems by 
using mathematica models 2) n applying 
mathematics of chance and probability; and 4) 
in obtaining numerical solutions and working 
with high-speed computing equipment Each 
chapter prepared by a top authority. Edited 
by Bdwin F. Beckenbach, U. of Cal., 516 pages, 
07 Ulustrations, $7.50. 


SEE THESE BOOKS 10 DAYS FREE 


ee ss ee ee ee ee ee ee ee 
MoGraw-Hill Book Co., Dept. CON.1/ 
527 W. 4iet &t., N.Y.C. 36 


Mend me book(s) cheeked below for 10 days’ exam 


ination on approval In 10 days I will remit for 
bookia) | keep plus few cents for delivery costs 
and return unwanted book(s) postpaid (We pay 
delivery coste if you remit with this coupon-—same 
return privilege 


| 

| 

| 

| 

| 

| Hadbk of Semiconductor Elect., $12.00 
| () Korn & Korn Elect Analog Computers, $7.50 
| C) Johnson Analog Computer Techniques, $6 00 
| yh h Modern Math. for the Eng... & 0 
| ( 
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| 
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Address 
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Company 
Poution 


For price and terms outside U. &., 
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much, which means exc 
iway Vhe trick is to provide a min 
imum of excess tin and still never 
have to rerun a coil for being under 
weight “/ 


tin i given 


Plating with just 0.02 Ib less of tin 
per 100 i of steel means quite a sav 
ings. With the current price of tin 
it $1.00/lb and a typical monthly 
production rate per line at 35 million 
lb of steel a $21,000 in 
three months can be realized. This 
potential savings justified the develop 
ment and use of a good 


VIG of 


reliable, and 
instantaneous gage on the high speed 
production line. 
Conventional x-ray 
were not practical here, for they only 
measure the total thickness of the 
sheet steel and its tin coating; thus 
variations in tin thickne ) are ob- 
cured by larger variations in the sheet 
metal, For this reason the gage cov 
ered here uses the X-ray 
higure 


thickness gage 


method of 


fluorescene described in the 


tor and the x-ray tubs maintained 
it 90 deg for mechanical convenience 
Sub tituting the given 


above equation yields an 


values in the 
equation 
from which the thickn can be 


found 


I , 
I'he accuracy of the total instrumen- 
about 0.01 Ib of tin per 100 
tee]; the output reading appear 


tation 15 
lb of 
on a recorder with a logarithmic cali- 
bration derived from the exponential 
absorption relationship lull scale is 
from 0 to 0.7 lb of tin per 100 Ib of 
teel 

Mill operators see the results of the 
measurement on the recorder but do 
not adjust the instrument. Respon 
ibility for the gage resides with the 
metallurgical groups, which checks the 
unit once each shift. When necessary, 
ilibrations are carried out automat 
witch that 


ia4nism and 


cally simply by closing a 


operates a traversing mec! 





Ihe primary x-ray beam, with a fre 
quency of 1.54A, penetrates through 
the tin and hits the of the 
iron. This causes fluorescence in all 
directions and the iron now acts as a 
source of x-rays, but at a different fre 
quency, namely 1.93A 

The total absorption of the x-rays 
occurs through the tin at 1.54A pn 
mary beam and 1.93A_ fluorescent 
beam and is determined by the follow- 
ing relationship 


(1) 


(Toe tal 


surface 


‘ M, pisina + us, plein b) @ 


where 
I x-ray intensity 
I, = initial x-ray intensity for X = 0 
» = mass absorption coefficient of 
the material 
py = 247 for tin at 1.54A 
+70 for tin at 1.93A 
p = density of material, 7.31 for tin 
X = thickness of material, cm 
Although the absorption coefficients 
are desirably high, the tin thicknesses 
are too low, To increase the effective 
absorption, angle b is kept small, 
about 29 deg, while angle a equals 
70 deg. The angle between the detec 


initiates ; 2 greeny elay. Stand 
ardization takes 4 min 

Originally the Pos was installed as 
i supplemental instrument in mills 
“Operating personnel have recently 
indicated that they would like to use 
the gage exclusively so that some of 
the facilities and manpower now em 
ployed for coating analysi 
to better advantage 


can be used 


Instrumenting a Reactor 


From “Instrumentation For A Nu 
clear Powered Electrical Generating 
Station” by Burns FE. Woodward, 
Atomic Power Equipment Dept., 
General Electric Co ISA paper 
56-7-3, presented at the ISA Con 
ference, New York City, Sept. 17 
21, 1956. 

The principal differenc 
instrumentation control 
of nuclear electric generating 
stations and that in conventional steam 
generating stations is the reactor it 
self, the counterpart of the boiler in 
present fossil-fuel generating station 
In many respects the instrumentation 
and control for turbin 


between 
used in the 
powe I 


generator, 





and steam and water handling equip 
ment will be similar for both types 


of installations f y 
Ihe inherent self-regulation and | Sf f” 


automatic feedback of the dual-cycle 
boiling water reactor simplifies con ‘ HIGH FREQUENCY 
trol, although complex instrumenta ad 
tion problems still arise because of Y] /. 
the necessity for remote control and " Pnduction 
for protection of personnel ind su 
rounding territory from effects of radi / HEATING 
ation. Although it is important that J 
—, prec eign and eee 4 oy, us iTS 
shut down the reactor in case of dan- 4 4, iS, 
AR pin Ng 


ger, the output of power from the 

station must not a. jeopardized by , Wi 
inadvertent and unnecessary “scram 7 - 

ming’. Otherwise, the many cus 

tomers relying on a constant source j f/ The Lepel line of induction heat- 

of electricity will be seriously incon ing units represents the most advanced 

venienced hus, the plant and it U/ thought in the field of electronics as well as 
matte dese tng. tenon (// the most practical and efficient source of heat yet 

to life and property eam de a : developed for industrial heating. With a background of half 
which are added to the basic plant a century of electrical and metallurgical experience, the name Lepel 

are those for contro! of the nuclea! i has become the symbol for quality in induction heating equipment 
process, and measurement of radia embodying the highest standards of engineering achievement, dependable 


tion for personnel and environmental low cost operation and safety. 
protection 


if you are interested in the application of induction heating you are invited 
to send samples of the work with specifications of the operations to be 
performed. Our engineers will process these samples and return the com- 
pleted job with full data and recommendations without any cost or obligation. 


The hgure hows the basic flow and 
control’ diagram for the dual-cyck 


‘ Emergency 


} relief valve By - poss 
, Primory Pressure 


ret yor TYPICAL INDUCTION HEATING APPLICATIONS 
Controi drive steam regulating 


mechonism ne rum valve ili A Lepe! installation at Federal Tele 
-_ c 





Turbine ’ } phone and Radio Co. shown sold 
ering transformer terminals. A pre 
Secondary Turbine cision operation made so simple that 
steom drum governor / even unskilled operators can achieve 
Secondary Condenser | excellent results on @ production 
steam generator 5; basis 
, 
Secondary level ’ . < 
control valve 
A 
Primary level a” 
contro! volve 





FW heoters 


boiling water reactor The heat gen 
erated in the nuclear reaction produces 
steam which rises in the reactor ves 
sel, The team bubble s, or voids, The simultaneous soldering of a 
affect the density of the water in the group of components within one 
core, and thereby influence the mod- lood coll is on idea! oppiicetion 
erating action in the core. More arlene ed nes snipe Btn 


blies consist of mounting studs and 
steam bubbles in the core result in 


tubes inserted into a machined 

less moderator be ng av ilable and part together with preformed sold 

the effect is less nuclear reactivity. er rings. The heating is done so 

idl thet th 
If the percentage of steam (voids vaprey et Mere & pracheany xX 
? no scaling or discoloration > 

is reduced, the opposite effect re 
suats 


“At steady state, ipproximately half 5 KW: rey g ten Penge KW; ai K 
of the steam used in the turbine will 5 k ’ ’ ’ ’ O KW; 75 KW; Ww. 
originate in the primary cycle. The park Gap Converters 2 KW; 4 KW; 72 KW; 15 KW; 30 KW. 
rest will be taken from the secondary 
steam generator and when an increase 


in the station load is called for, addi- a 

tional steam will be obtained by action pa _* re i. — Am Lope! equipment fo sevtified 
aug Sua bs o comply with the requirements 
—= | 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages packed 


with valuable information. 
eo | 





of the turbine governor opening fur- ges of the Federal Communications 
ther the secondary admission valves —S —SJ ene . Commission 
Th ill ilt in increased flow of 

relly’ engndieed? omy sexe LEPEL HIGH FREQUENCY LABORATORIES, INC. 
steam in the secondary loop and will pi fi be Ae 
decrease the temperature of the water = 
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nd FOREMOST 
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CPS to ///MC! 


DIRECT READING 


Computer -Measurements 


NEW! 


Model 226A 


UNIVERSAL 
COUNTER- 
TIMER 


OUTSTANDING FEATURES 
* 

Three independent, adjustable trigger lieve ontrols 
permitting full rated sensitivity at any 
voltage level betweer 400 and 300 volts 
* 

Small voltage increments ordinarily masked 
by attenuators are easily selected 
io 
Simplified color-coded controls and direct 
read-out in kc. mc, sec, or millisec, with 
automatic decimal point indication 
. 

Oscilloscope marker signals facilitate 
tart and stop trigger level adjustment for time 
interval measurement of complex waveforms 


multi-purpose 


f Price: $1,100.00 
$840.00 
Data Subject to Chanue Without Notice — Prices F.O.B. Fact 


Complete catalog data available 
Computer-Measurements Corp. 
5528 Vineland Ave., N. Hollywood, Calif., Dept. 84-N 


@ Catalog also covers induction 
Relays, Relay Enclosures, Con 
tacto.s and Starters, Multiple 
Pump Controls, Electrode Hold 
ers, Starter and Relay Combi 
nations, Special Controls and 
Panels 


B/W CONTROLLER 
CORPORATION 


2212 E. Maple Road 
Birmingham, Mich. 
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being recirculated to th 
the reci ulating water 
remain liquid for a kk 
during its passage through the rea 
I'he consequent increa 
vill result in an increased lear 1 
iction since additional moderator will 
be available. From this standpoint the 
system is self-regulating and stable 

Because of this self-regi ing fea 
ture the reactor powe! n vary from 
100 percent to +0) percent » meet 
electric generation load changes, with 
out any adjustment of the control rod 
Since control rods need not be manip 
ulated for normal load changs they 
can be maintained in given position 
Only when an emergency shutdown 
scram) occurs will the rods move, and 
then they will be driven to thei 
power-limiting position 

Other devices are available to initiate 
the scram circuit in case the following 
conditions exceed thei present con- 
trol points: high reactor pressure, low 
condenser vacuum, loss of circulating 
water, loss of feedwater ind lo of 
wuxiliary power. Neutron monitoring 
of the reactor core also initiates scram 
ming when any two parallel channel 
of the several monitoring the cor 
indicate excessive concentration 

Other aspect ot equipment ind 
their instrumentation discussed include 
steam drum level control, turbine con 
trols, air ejyectors, demineralization, 
feed pump, feedwater heater ind 
proce radiation monitorin 


Analysis With Color 


From “Differential Photoelectric 
Colorimeter for Continuous Process 
Control” by F. R. Rolfson, Shell 
Development Co and N. §S 
Waner, Hallikainen Instruments 
ISA paper 56-1-4, presented at the 
ISA Conference, New York City, 
Sept 17-21, 1956 


Among the instruments used for 
continuous process conti : 4 the 
differential photoelectric colorimeter 
I'he authors have designed a unit 
embodying increased sensitivity and 
stability and lower cost for use in a 
wider variety of applications and in a 
greater number of stream Color 
measurement enables rapid detection 
of upsets in distillation columns and 
minimizes the possibility of operator 
errors in spite of a complex arrang 
ment of valves and pipe 

In colorimetry, the transmittance 
radiant energy is measured in a V1 
region through a samp 
tive and sensitive th 





sharp variation in transmittance over 
the visible spectrum. This variation 
occurs in nearly all petroleum prod 
ucts, and is particularly sensitive in 
the green region, about 510 millimi 


crons, as shown in Figure | 


600 800 400 600 
cvelength, millimicrons 


phototube O1O! 
imeter th imple is introduced 
tween a light source and 1 phototube 
ind the tube utput current indi 
cates the transmittance (hence color 
of the sampl Any variation from 
normal transmittance I would be plu 
or minus i. Thus, the total output 
would be I plus or minus 1, and the 
system would not be too sensitive to 
mall changes. However, if two photo 
tubes are used, their outputs can be 
connected differentially, and the out 
put would simply be plus or minus 1 
(he sensitivity and detectability of 
small changes in transmittance would 
thus be improved 

In the colorimeter described by the 
authors the light beam splits, on 
beam going through the sample onto 
one phototube and the other beam 
through an adjustable aperture onto 
the other phototubs The aperture 
yrovides optical balance and compen 
sates for changes in source intensity. A 
deviation in transmittance from the 
value set up by the reference aperture 
causes an unabalance current, indicat 
ing either a light or dark sample 

Figure 2 shows the partial wiring 
diagram of the alarm colorimeter 


Ki 


reali f\ 


Dork 


Here, the phototube s feed a cathode 
follower, which in turn fires a thyra 
tron when the unbalance signal is 
positive The coil of a double pole 
double-throw relay in the thyratron’s 
anode circuit pulls in on a_ positive 
unbalance, and red and green light 
operated by the relay contacts indi 
cate either light or dark imple An 


Model ai Digital Magnetic Tape Handler 


The Ultimate in Digital Tape Handlers for High-Speed 
Computers, Electronic Business Machines, Industrial 
Control and Other EDP Applications. 


Regardless of cost, many features are exclusive with Potter 


Speed and ease of operation—Up to 75"'/sec in a variety of 

dual speed combinations, with 3 msec starts and stops 

Tape widths from V4" to 1%4"' are accommodated. Automatic 
threading, fast rewind, end-of-tape sensing, and front panel 

or remote control provide unmatched flexibility and ease 

of operation. 


Standard 19” Rack Mounting—Hinged front panel provides 

quick access to mechanical parts and plug-in electronic 
components. Transparent dust cover protects tape and moving 
parts without hindering visual observation of tape track 


Auxiliary Equipment—A complete line of digital data-handling 
accessories is available, including record-playback heads 
(Model 6400) in numerous channel number and tape width 
combinations. Record-playback amplifiers can be furnished as 
individual plug-in units (Models 52, 53) or in complete systems 
(Model 920) for return-to-zero or non-return-to-zero recording. 
Shift registers, high speed printers and other data-handling 
components are available separately or in integrated systems 
for solving specific data-processing problems. 


FOR INFORMATIVE BULLETIN .. . and feel free to consult Potter 


engineers on your data-handling problems. No obligation, 
of course. 


hs > POTTER INSTRUMENT COMPANY, INC. 
we 115 Cutter Mill Rood Great Neck iN Y 
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other set of contacts f 


DC AC ing alarm system 
= “ 
Normally a colorimeter: 

monochromatic light sou 
CHOPPERS sensitivity. ‘he authors, h« 

i Standard incandescent 
For 60 Cycle Use obtain a peak response in the 
limicron region by fortuitou 
tion of the phototub pe 
ponse and the characteristi 
lamp. Figure 3 shows the 


Built to rigid 
commercial 
specifications. 


Twenty-two types, ; 
both single and S; 4 phototube 
double pole. 


Long life. 
Low noise level, 


Relotive response 


Extreme reliability. 


Write for =! | 
30C 40 500 600 
Catalog 370. 20 0 500 





Wovelength, millimicrons 


response of the phototub: e lamp 


characteristic, and the peaked respons« 
| | 


INCORPORATED of the combination 
ARNOLD ‘his instrument has been designed 
for rugged plant use in hazardou 
22 ELKINS STREET areas Design problem for such dif 
OUTH BOSTON 27, MASS ficult applications share the discussion 
with physical design, the eff of 
temperature on the spect 
of the phototubes, and 
for stability and sensitivity 
The paper conclud 


Chatham eetiasle tyPe 6627/082WA thoceh inttishy develope 
refineries, the instrument h been 


MINIATURE eee ee 


pharmaceutical paper pro ing 


-—oey 108 v.VO LTAGE water treatment, and rag 


In the refineries these units are being 


voltage REGULATOR used to monitor the color of kerosene 


over wide lubrication oils, gasoline, and other 
current Type 6627/OB2WA Voltene Reculato hydro-carbons in column _— reflux 
e olta ulator is a 
range » sioenee two deaede, arate filled, cold Penh Glia eed | 
cathode tube that maintains practically constant O10 18 DEINE CHECKS? In 
voltage within its esses on such material a 
ratings, even at oil and 98 percent glycerin 
-.- Offers continuous 150°C plant the color alarm is being 
improved ,, Volts cite detect decomposition ina / 
resistance negligible hydrogen cyanide solution 
to shock throughout its normally clear solution exhil 
and ' | life and dark straw color on decompo it 
vibration - H ; penn nar at then operate the alarm 
excellent. 


streams, as well as product stream 


#------ Analysis With Refraction 


RATINGS “ : From “The Refractomete: \ New 


‘D.C. Cath. Cur, 5 to 30 ma. ' REQUEST NEW Analytic al ston an Pro 
Ambient Temp. —S5* to +150°C BULLETIN — trol” by I sell Collyer 
Max. Altitude 120,000 #t. including complete gineering Co. ISA _ pay 


Shock Impact 450 G ms equipment design presented at the ISA Co 
‘ end operating date. New York City, Sept. | 


CHATHAM ELECTRONICS (/~ Laboratory use of refract 


Division of Gera Corporation—LIVINGSTON, NEW JERSEY tor liquid produ t ana 
well-known for man 
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that chemical 


“ompanies have 


only 1 itly 


ind petro 
leum 


idapted this 
measuring 


cchnique to continuous 


ntrol, 
ir own instrumentation 
Uhre 
industrial _ re 
m the market, 


n that wid appli 


m-Stream onitoring ind < 


de veloping the 
to suit particular requirements 
ommercially-available 
frractomet ire now 
howe i pread 
ition r thi 
method the near 
The refractometer basically 
On tric p inl pl c tablished by Sm ll’s 
Law, which states that the refract 
ited to the bending, or r 
bserved when light cTOSSeSs 


between two unlik nate 


important measuring 


future is assured 
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index 

fracting 

1 boundar 
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nsini n’ sini 

where n and n’ are the 

dices of two materials 


refractive in 
und i and r are 
between the 
between the 


the angles normal (to 
the interface media) and 
the incident and refracted light beam 
If the sample is contained in a glass 
reference cell with a refractive 
nr’, then the refracted angle 
with changes 
hus a detecting means, such as a 
phototube, will have to move to ob 
erve these change 


index 
will vary 
in this refractive index 


differential cell 
imple n and a referenc« 
hown in the figure, pro 


However, using a 
containing 


liquid n’, a 
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vides certain advantage \ 

the refractive indices are the same 

whether it be 1.2 or 1.7, the light 

emerges in the same direction. But 
ill change in the sample’s ri 
index shifts the angle slight 

ind this deviation is proportional to 

the differ in the indice not t 

their absolute ilue A mi rand a 

incident light beam 

light beam entering the 

light beam leaving 

il ter 
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[he paper 
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if you work with position servos... 


HERE'S HOW TO LICK 
QUADRATURE 


with the vernistat* a.c. potentiometer 


former, the Vern extremely low 
have had problem phase shift. Phase le le than 1.6 


The tighter the servo loop, the more min. at 400 « tem 


If you work with position servos, you 
with qua lrature 
' 
The Vernistat potentiom 
shift can be eter that combine } ht linearit ind 
«. S176 


serious unwante ad volt ive due to pha ‘ 


ind mount 


igned to the 


low output my 


Quadrature problem ire tremen ped 


more accurate ing dimensior e ce 


BuOrd peciti 


dously simplified and 


servos are possible when you use the 


Vernistat. Although it contains a tran nchro 


SPECIFICATIONS OF MODEL 2B 

Linearity Tolerance 

Minimum Output Voltage Increment 

Electrical Rotation 

Mechanical Overtravel (each end 45 
Phase Angle (at 400 c.p.s 14 minute seanien 
Excitation Frequency 20 to 3000 ¢.p.s 


130 ohms 


pmirr ately 


Output Impedance lees +t 
Input Impedance 65,090 ohms, minin 
130 V. at 400 c.p.s. « 
20 V. at 60 c.p.s 


Maximum Input Voltage 


vernistat division 


PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 
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GAMEWELL 


RVG SERIES 
Minktture PRECISION 
POTENTIOMETERS 


RVG-17KS 


These Gamewell potas %", 4” and 114” provide superior char 
acteristics in miniature size ideal for high temperatures and other 
environmental extremes. All have anodized aluminum bodies, stainless 
steel shafts, excellent linearity and meet MIL-E-5272A specs as they 
apply. RVG-17XS has a specialized arrangement which produces sine 
cosine functions with unique precision pom 4 amoothness. 

For dependable performance under rugged environmental conditions 
and severe space restrictions, specify one of these RVG Precision Po 
tentiometers, Many special features and modifications are also available 
to meet your specific need. Write or call for details. 


THE GAMEWELL COMPANY, NEWTON UPPER FALLS 64, MASS. 


PRECISION 
POTENTIOMETERS 


SPECIAL! Send for New catalog 
with data on complete line. 





-thesshelf delivery 
fiilijon-run price 
Ppiot-run quantity 

Special” laminations? 


saminations shown actual size 


FoR 

EXAMPLE: we illustrate merely one of countless “special” types available 
from interchangeable dies pre-tooled by Europe’s largest producers of 
electrical stampings. This is Rotor/Stator set No. 1891, of silicon steel 
like AISI Type M-19, with 1.3-W core-loss at 50 cps and B 10,000.Stator 
OD 2.890" ; Retor OD 1.630", ID 0.435" ; Thickness about 0.014". Delivery 8 
weeks; Price, duty-free, FOB dock, Boston, $251.20 per 10,000 sets. 


Catalogs on request. 


Box 13 

300 Main Street 
Stamford, Conn. 
Fireside 8-7013 
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tures, as well as the practical require 
ments for a sample cell to assure 
long-time use in a plant with a mini- 
mum of maintenance 

l'ypical applications mentioned by 
the author are in the fields of 
> fractionating 
© blending or analysis of two com- 
ponents in a mixture 
© adjusting concentrations of aqueou 
and other liquids 
© monitoring such processes as hydro 
genation of edible oils 
© monitoring the effluent from a 
chromatographic column 


Mass-Number Analysis 





From “Mass Spectrometer in Process 
Control” by Henry Landsberg, Con 
solidated Electrodynamics Corp. 
ISA paper 56-6-1, presented at ISA 
Conference, New York City, Sept. 
17-21, 1956 
Looking forward to the time when 

fully automatic process plants will be 

technically and economically feasible, 
the author sees a need when this time 
comes for stream analyzers in general 
and mass spectrometers in particular. 

\ very significant advantage of the 
mass spectrometer is that it is not 
tailored for a particular stream, but 

can be programmed to analyze on a 

repetitive cycle several streams of 

widely differing compositions Be 
cause of these inherent advantage 
the mass spectrometer shows great 
promise as a suitable primary clement 
in the automatic process plant of the 
future. Until such plants are feasible, 
the instrument can be used effectively 
in the control of many individual 
processes as demonstrated by applica 
tions to be discussed 

However, before describing some 
interesting applications, Landsberg re- 
views the type of information ob 
tained at the output of a ma pec 

trometer. “Each compound has a 

unique spectrum consisting of peaks 

at the mass of its molecule as well as 
at all masses of the various fragments 
of its molecule Concentration 





of a constituent in a mixture may 
be determined simply by the magni 
tude of a single peak provided that it 
iS unique only to that constituent.” 

Control of the proce using the 
sequential signals from the mass spec 
trometer, which indicate the con- 
stituent concentrations, will eventu- 
ally require a small digital computer 
to compute corrective signals 

The author reviews a number of 
successful plant applications of the 
mass spectrometer as a 


primar ele 














for recording 


uses 


ment measuring and 

These are in a sulfur 
plant, selective absorption in an acety 
lene-ethylene plant, and vacuum 
refining of metals. 

Che sulfur recovery plant produces 
elemental sulfur from hydrogen sul 
fide, which is a by-product of natural 
The efhieiency of 
process depends on controlling 
amount of air, so that the rela 
2H.S:1SO main 


recovery 


and refinery gases 
the 
the 
tionship 
tained 
The 
monitors the process reactor effluent, 
which, since the reaction is never 
complete, contains H,S and SO,. ““T he 
mass spectrometer equipped with an 
automatic peak selector was set to al 
ternately H.S and SO, at 
masses 34 and 64 respectively.’ Chart 
recordings then indicate the amount 
of reaction not completed and thus 
allow the ratio to be determined 
Process variables can be adjusted on 
the basis of this information, and th 
reaction kept to minimum incomple 


can be 


process mass spectrometer 


monitor 


Point of No Return 





VALVES 


Hoke ball-type check valves are pre- 
cision engineered for minimum flow 
resistance and positive reverse flow 
check. Synthetic rubber seats and 
stainless steel springs give maximum 
corrosion resistance and long service 
life. Line pressures to 3000 psi. Stock 
sizes, 4" and 4” in stainless steel and 
brass, Larger sizes or other materials 
to your requirements. Complete infor- 





tion. ‘The more complete the reac mation is yours for the asking, 
tion, the more sulfur (hence dollars 

vielded by the - ess | 20! = HOKE 

AvCTage recoverabdie iOSS WaS a2DOU 

tons per day, or about $15,000 per INCORPORATED 
a Fluid Control Specialists 
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trometer to a_ selective absorption 
another example of the 
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ve rsatility ot this type ot strcam an vere e eres en at ahete at etatetetatetetetetetetetetat ete weit ie 8 ee ee ee eas 
alyzer; in fact, in this case a signal | feges ea a 0 08 609,09 ,9 0,0 ,0 9, 0,° 9, 9,0. 9.9 0 6 8 oe x] 
could be obtained for automatic proc ° a ae of! 
ess control. Here, the spectrometer »| Easy ABC ‘ote! 
maintains “efficient operation of an renee! 4 TW uAL 04 eee o,7, 
absorber column by continuous an teat se 
alysis of the absorber off-gas in an rates AX Mount transducer ie 
alien ’ 
acetylene-cthylene plant. . . It is i > Connect output to counter, recorder, "eo? 
desired in this operation to maintain oe” b or control oe 
the flow of absorbent so that the owe? C. Plug inte AC outiet 
maximum amount of acetylene and ote! - ad $ 
‘ s 
essentially no ethylene is absorbed 4 
. 


Automatically 
Batch and Count 
Metal Objects 


with NEW eLtectro 


It is known from the spectra of ethy 
lene and acetvlene that ethylenc 
tributes equally to masses 26 and 27 
whereas acetylene contributes to 


oo 


con 


ae 


= 


only 








} i) W \ 

The figure shows the record of peak 
concentrations of these two constitu 
ents obtained for various absorbent 





* 
mass 26 Ihe difference between . 
these peaks is, therefore, indicative 2, 
° . of the icety \ ne concentration e "5 PROXIMITY ay ~ a 
* (¢ ’ rol unit 
tees TRANSDUCER SYSTEMS — °°"°.520'5* 
Moss 26 etylene eee, $109.60 ji: 
Acetylene! > 5% acetylene e®, 2, Now, extra sensitivity detects metals Send for new Bulletin 
I ’ ’ *. at greater range. Drive electronic CPP356 today! 
“a a ? , counters at frequencies up to 1000 ELECTRO 
SS if 
Ethyle operations/sec. A variety of pickups CIE 


are provided to meet your particular 
applications. JIC approved enclo- 
sures available. Complete with 10’ 
cable and pickup. 


Model 4951-RAC has SPDT 
relay. Frequencies up to 3600 
operations/min. for controlling 
electrical circuits and machin 
ery. $124.60 |ist 


PRODUCTS 
LABORATORIES 


4501-CN Ravenswood Avenve 
Chicege 40, IIlinois 
LOngbeech 1-1707 


Canada; Atlas Radio ltd, Terente 
Complete line of transducers for 








eed measurements, control Lm) 
sp 4 ents, ow, “" 
counting & recording ‘s 
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STOP 
GUESSING 


START 
SAVING! 


Chronologically 
records actual 

on-and-off time 
by duration 





Gives absolute 
time-study data 
per operation 





Establishes true 
: cost accounting. 
gives complete production 


data continuously ... automatically 


















Permits supervision 
of parts replacement, 
repairs, maintenance 
Now get complete, accurate, 
documented production data on 
any machine, process, operation, 
Eliminates costly, inaccurate spot- 
checks, time studies. 


Gives totai operating 
time of machine, 
feed or beit-line 


Allows ability to 
anticipate equipment 
TR+T records on continuous 4month varene 
tape. Uses no ink. No maintenance. 
Thousands in use in large and small plants. 


Write for brochure "G-11l"' and list of users. 


STANDARD INSTRUMENT CORP. 


DIVISION OF HEAT-TIMER CORPORATION 


657 BROADWAY + NEW YORK 12, N.Y 





careers in peacef ul 


applications of atomic energy 


SYSTEMS 
ENGINEERS 


Education: B.S., M.S., or Ph.D. in Electrical 
Engineering. 
Experience: 0 to 5 years experience in control and 
systems analysis. Nuclear background desirable but not 
necessary. 


Duties: Analysis of reactor instrumentation and control 
systems, using digital and analog computers. 


Write today. Action will be prompt, confidential 
<4 a ATOMICS 
CAT internationat 


A DIVISION OF NORTH AMERICAN AVIAT N, IN 


Mr. G. W. Newton, Personnel Office, Dept. CON 
21600 Vanowen St., Canoga Park, California 


(In Suburban San Fernando Valley, Los Angeles) 
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flow rates. At 5 or 6 gpm the acety 
lene loss in the off-gas is relatively 
large Increasing the absorbent flow 


reduces this loss and brings the peak 
closer together When they are iden- 


tical, loss of acetylene stops. Thus 
optimum absorption can be obtained 
by matching the absorbent flow to 


the acetylene content in the feed ga 
“Direct control in this application 
would be relatively simple by incor 
porating a device which would obtain 
the difference of thes« peaks and sup 
ply a net signal for the control of the 


absorbent flow.” 


Large-Storage Integrator 


From “Wide-Dynamic-Range Analog 
Integrator’ by George H. Myers, 
presented at WESCON, Los Ange 
les, Calif., Aug. 21-24, 1956 
I'he mechanical analog integrator 

common in navigational control 





tems, while accurate and wide in range, 
has moving parts which make it sensi 
tive to vibration and environment. 
Because of this, the electronic analog 
integrator has made some inroads. But 
if the input to an electronic analog 
integrator is consistently of one polar 
ity, the output of the integrator reaches 
such a large value that the integrating 
implifier overloads. 

It is possible to duplicate the wide 


range of the mechanical integrator by 
determining when an electronic int 
grator is “‘full’’ but not quite saturated, 
recording this fact with some type of 
counter, and then “emptying”, or re 
setting, the integrator. The counter 


will indicate the number of times the 
integrator has been filled. A digital 





to-analog converter will then transform 
the state of the counter, plus any 
charge existing in the integrator, back 
into a continuous voltage which other 
parts of the analog computer can us¢ 
Che figure is a block diagram of a re 
versible electronic system that per , 
forms the functions described 

ee oe " ficator 

|Positive| lead 
b+ o———o—— 


._! Resistonce|__}. 








jrapacitancel 
1 integrotor "TI = . 
F iegrotor PL 
sNegative 47 = J 
“| detector 
gital- tor 
Count dowr NGIOG | 
lead over ter + 
A conventional electronic integrato 


upplies its output to a “Positive De 
tector” and a “Negative Detector’ 








Each of these detectors produces a 
pulse when the integrator output volt 
age reaches either its maximum posi 
tive or negative allowable voltage (the 
postive detector operating for the posi 
tive voltage and the negative detector 
for the negative voltage). Either of 
these pulses causes the “Reset’’ to re 
store the integrator to its uncharged 
condition, but the pulse from the posi 
tive detector advances the “Electronic 

Counter” by one step while the pulse 
from the negative detector causes it to 

decrease by one step. The counter 
state is changed back into a voltage by 
the “Digital-to-Analog Converter’. 

The voltage output of the converter 
may then be added to the integrator 
output (with a suitable scale factor), 

or the two outputs may be used sepa- 
rately as a coarse and fine indication, 
respectively, of the value of the inte 
gral. If a decimal counter is used, it 
may drive an indicator (such as a bank 
of lights or an Inditron tube) directly. 
A voltmeter across the integrator out- 
put would act as a vernier, or fine in- 
dicator. 

A circuit built to demonstrate the 
set-reset action had these errors 

1. Reset error, the integration time lost 
while the integrating capacitor is dis 
charged, 0.1 percent when the reset 
time 1s approximately eight times 
the reset time constant 
etector error, 0.1 percent. 

. Digital-to-analog converter (when of 
the resistance-ladder type for ten bi- 
nary digits), 0.4 percent if resistors 
are matched to within 0.05 to 0.1 
percent, plus 0.1 percent variation in 
the battery supply voltage for the dc 
coder 
Thus the errors of the devices used 

in the set-reset electronic integrator 

total, at the worst, 0.7 percent 


Wh 


Briefly Noted 


Circuit Equations for Rectifiers 
a systematic method for analyzing 
circuits containing piece-wise linear 
elements such as rectifiers and rec 
tangular-loop magnetic cores. Method 
employs a_ specially<leveloped sym 
bolism and algebra for formulating 
circuit equations that simplifies deriva- 


tion of the final expressions Office 
of Technical Services, U. § Dept of 
Commerce, Order PB 111770, $1 


The following catalogs are available 
from either OTS or the Library of 
Congress. They list, from a source of 
over 250,000 documents, pertinent 
references in the fields of: 

> Cermets (CTR-319, 10 cents) 

> Transistors (CTR-310, 10 cents 

» Magnetic Amplifiers (CTR-244, 
10 cents) 






a proven “3; 
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always in 
control 


the A. W. 
HAYDON CO. 


delayed reset time 


delay relays 


Protect power tubes in expensive 
transmitting, receiving or 
control equipment 
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1. Operating temperature range 65°F te 160°F 

2. Vibrotion: 5-55 CPS with 10g moximum eaccelerotion 
3. Shock: 30g (1 1ms duration) 

4. Hermeticoliy sealed units meet militory requirements 
for fungus, humidity, ond salt sproy 











Write for Bulletin AWH 10402 describing 6400 Series 
DC, 11400 Series AC, 24300 Series 400 Cycle 


PREFERRED WHERE PERFORMANCE [5S 


“A.W-HAYDON Gompany 


246 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 


Design and Manufacture of Electro-Mechanical Timing Devices 
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The 
“darkroom” 
you carry 
with you... ! 
Consolidated 7 f 
eo} -lei| S Mele) 7.¥ 


PROCESSOR 


Use it anywhere it needs neither water con- 


@ processes any weight paper 
nections nor darkroom 


automatically delivers 
a developed, dried oscillogram to you in mere 
minutes. The hundreds now in use are saving 
processing time...are reducing that vital gap 
between the test and data availability 

You needn't have great numbers of oscillo- 
graph records to justify a CEC processor. Because 
it will take the entire contents of an oscillograph 
magazine, it’s equally valuable for test programs 
consisting only of occasional, long-duration runs 
Extremely simple, it can be operated even by in- 4 Write for Bulletin 
experienced personnel. | CEC 1537B-X11 


Consolidated Electrodynamics 


300 North Sierra Madre Villa 


@ portable, automatic 
@ 250-f1. record capacity 
@ thermostatic control 


@ rapid...up to 15 fpm., 


*"asadena, California 


NATIONWIDE COMPANY-OWNED GALES AND SGERVICE OFFICES 
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Frequent time adjustments are no problem with the dial head 
available on AGASTAT time/delay/relays. They provide a com- 
plete range of adjustment with 1 revolution of the dial. Dial 
markings permit easy calibration for accurate adjustment. And 
you cun spot eat h 0 the 1 timing ranges quic kly bec “ause they 
are color coded: blue from 30 seconds to 15 minutes; red from 
10 seconds to 2 minutes; yellow from 0.1 to 10 seconds; white 
from 0.1 to 3 seconds, 


Like all AGASTAT relays, units with dial heads are sole 
noid actuated, pneumatically timed, Each model is available 
with either dial head or needle valve adjustment. Where fre 
quent re adjustine nt of timing is necessary, dial head adjustme nt 
should be specified. For bulletin on all popular AGASTAT time 
delay relays, write to: Dept. A28-1120 


Elastic Stop Nut Corporation 
of America 





DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 














TEMPERATURE INDICATORS 


Precision-built indicators provide accurate 
© ean readings. 


@ Low-cost protection ... due to large, spe- 
cialized production 


@ Wide selection of dial ranges to meet spe- 
cific requirements. 


@ Choice of stock types available as shown. 


@ Send for new catalog, describing many 
thermometer styles. 


THE ELECTRIC AUTO-LITE COMPANY 


INSTRUMENT AND GAUGE DIVISION 
TOLEDO 1, OHIO 


WEW YORK + CHICAGO + SARNIA, ONTARIO 


MODEL "6G" 


Select the type 
that is best for your 
purpose. 3°,” dial: eventy 
calibrated scales 


MODEL G) 


mone 02 MODEL G3 MODEL GS MODEL G6 
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Computer Survey 


A Survey or Avuromatic Dic- 
aL Computers. -N. M. Blach- 
man, ]. B. Kruskal Jr., J. J. Wolf, 
and D. L. Hogan. 109 pp. Spon- 
sored by U. S. Office of Naval 
Research. Sold by Office of Tech- 
nical Services, Washington, D. C. 
$2.00. 


Under such table heading as 
Builder, Programming Service, Com- 
puting Time, Floor Area, Cooling, 
Best Suited, Power Consumption, 
Word Length, Operations Performed, 
Computing Element, Components, 
and so forth, the volume details some 
ninety-odd general-purpose machines. 
Ihe introduction and several indices 
identify computers by name, and give 
their builders and their location 

Ihe survey is based on answers to 
questionnaires circulated in 1953, and 
thus does not cover the most recent 
computers. However, the information 
it does supply is of considerable 
interest. 





Russian Control Text 


I'UNDAMENTALS OF THE ‘THEORY 
or Auromatic Conrrot (in Rus 
sian). A. A. Voronoff. Edition 2, 
+70 pp. Published by State Pub 
lishing House for Technical Lit- 
erature, Moscow, Russia. Approxi- 
mately $3.50. 


Ihe authors present a vell-inte 
grated account of basic servomecha 
nism theory, centering attention on 
systems characterized by linear differ- 
ential equations with constant coefh 
cients. The prime tool of analysis 
here is the Laplace transform, the 
chief method of procedure is through 
use of transfer functions, and systems 
investigation is carried out in the 
frequency domain. 

he principal topics treated are the 


basic ones of notation, definitions, : | 
structure of components and block 

diagrams; more advanced topics in 

clude determination of transient re 7 


sponse, stability criteria, improvement 
of operating quality by various means 
of compensation, determination of 











transient response from frequency re 
sponse and vice-versa, linearization of 


relay systems by describing function 
techniques, and phase-plan inalysis 

Features of the book are the gen 
erous numerical example ind the 


many illustrations of how control 
ipplies to different branches of engi 
neering. Its general thoroughness and 
its textbook design give the book 


minus 50°C? 


“Torture chambers” like this bring the arctic to the engineer. 
Other test chambers at IBM Airborne Computer Laboratories 
simulate altitude, sun, rain, fog, explosion—every condition an 


airborne computer might possibly encounter. 


IBM is developing new bombing-navigational equipment and 
other computer-based projects for the Air Force. A new plant, 
nearing completion at Owego, N. Y., offers engineers the finest 
modern facilities in which to work on the most exciting assign- 


ments in electronics today. 


There are tremendous opportunities for professional advance- 
ment at IBM Airborne Computer Laboratories! If you have 


experience in any of these areas: 


¢ Digital and analog « omputer Power supply design 
circuitry and design 


Reliability engineering Write, outlining 
Transistor circuitry ae alll dita aiid interests. te 
Inertial guidance systems International Br ( 
Military Products D 
Airborne Comp ter 
Applied research Oweg Yew York 


‘ ’ Mathematical analy 

( ) t cation ¢ ‘ 

Tp nen ‘pp ication ane Laboratories at Endicott, 
evaluation Computer programming 


Poughkeepsie and Kingston, N. Y., 
and San Jose, Calif 


Electronic disp] 1y systems Production engineering 


Microwave theory and 


wave guide de sign 


“lectronic packaging gical design 
Elect packaging I Id 


You owe it to yourself to investigate IBM! Qualified applicants will 
receive immediate full employee status, including excellent salaries 


and industry famous IBM company benefits. 





DATA PROCESSING INTERNATIONAL 
ELECTRIC TYPEWRITERS 


onieer dammeuanetae BUSINESS MACHINES 
MILITARY PRODUCTS CORPORATION 
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ONE OF A SERIES-~ depicting guidance ‘Yesterday, Today and Tomorrow” 


navigation is a problem 


From the ancient Chinese comes one of the earliest known directional devices. 
Not the magnetic compass of legend, but a mechanical compass with differential 
gears for maintaining a constant south-pointing position. It was used by Yellow 
Emperor Hunag Ti about 2634 B.C. to guide his armies across the vast steppes 
leading to the sunny, fertile lands of the south. 

Many forms of navigation have been developed since, each system requiring 
greater scientific knowledge. One of today’s systems is inertial guidance, a complex 
integration of electronics and servo mechanisms utilizing the best that present 
technology can provide. 

At Bell, problems in navigation or guidance have been answered in many 
ways... missile guidance systems . . . a recovery system used in several missiles 
... and a landing system for aircraft in all types of weather. 

Bell offers an unparalled opportunity to the progressive engineers who desire 


assignments that demand creative thinking. Engineers with a B. S. or advanced 
degree in: 


SERVO SYSTEMS ENGINEERS 
MAGNETIC AMPLIFIER SPECIALISTS 
TRANSISTOR APPLICATION SPECIALISTS 


DIGITAL COMPUTER DEVELOPMENT iS 
SPECIALISTS | 
ELECTRONIC DEVELOPMENT ENGINEERS , + 


please contact 


omewee |: 








fe CORPORATION | 
Manager Engineering Personnel 


WOT 
Dept. ES” ~ conement 
P.O. Box 1 Buffalo 5, N.Y. 
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great classroom value. The practicing 
engineer may find the illustrations of 
various electric, magnety mechani 
cal, hydraulic, and pneumatic control 
devices and equipment of hief 
interest. 


Russian Servo Theory 


FUNDAMENTAL THEORY OF LINEAR 
AUTOMATIC ContTroL (in Russian 

A. V. Fateev. 295 pp. Published 
by State Publishing House, Mos 
cow. Approximately $1.00 


I'he content of this basic textbook 
on servomechanisms, for students of 
electrical engineering ubstantialh 
parallels that of similar books pub 
lished in this country, and thus it is 
likely that the engineer who reads it 
will find little that is new. It should, 
however, prove of interest to a te icher 
of control engineering, in that it con 
tains some items not found in book 
in English. One is an account of 
Mikhailoff’s criterion, which is pat 
ticularly useful for determining the 
stability of a system when the charac 
teristic equation, rather than the open 
loop transfer function, is known. Sev 
eral detailed illustrative examples 
which can be used as student exercises 
or to idealize and then analyze the per 
formance of actual industrial regula 
tors, also find few counterparts in 
American textbooks 

Thomas J. Higgins 

Professor of Electrical Engineering 

University of Wisconsin 


Using Abacs 


Apacs OR NOMOGRAMS 4 Gliet 
Translated from the French by 
J]. W. Head and H. D. Phippen 
225 pp. Published by Philosophi 
cal Library, Inc., New York 
$12.00. 


Earlier books on this subject have 
stressed mathematical concepts; here, 
now, is essentially a practical work 
written for engineers and physicist 
No highly specialized mathematics 1 
employed and the presentation con 
sists almost entirely of examples from 
the fields of physics, mechanics, and 
electrical engineering. Problems ar 
worked out in detail to demonstrate 
both the application and the con 
struction of nomograms 

Types of charts discussed includ 
Cartesian abacs involving any number 
of variables, alignment charts, and 
circular abacs. A standard approach 
to each problem enables the author 





to develop an orderly method of at 
tack, no matter how complex the rela 
tionship between variables This 
procedure consists of: (1) reduction 
of the equation to a standard form; 
(2) arrangement of scales as to direc 
tion of graduation; (3) choice of 
moduli; (4) graduation and location 
of scales. In some cases, the relation 
between variables cannot be put into 
any of the standard forms. These cases 
call for auxiliary variables, to which an 
entire chapter is devoted. They enabk 
the given relation to be split into 
several component parts, each of 
which miay be put into one of the 
standard forms and then analyzed 

Of particular value is an appendix 
covering choice of methods and types 
of abacs. The author points out ad 
vantages and disadvantages, and sim 
plifies selection of the appropriate 
type of chart determined by the 
equation’s standard form 





Important Moves 
by Key People 
(from page 193) 


sociated with Stanford University’s 
Electronics Research Laboratory, Cal 
Tech's Jet Propulsion Laboratory, and 
Piper Engineering Co. 

P Joseph Swanson, previously senior 
project engineer, has been advanced 
to the post of assistant chief engineer 
at Levinthal Electronic Products, Inc. 
Swanson is a specialist in high-power 
modulators and medical electronics 
Before joining Levinthal, he was a 
staff member of the University of 
Pennsylvania's Moore School of Ele 
trical Engineering and a research asso 
ciate in the systems study and de 
velopment group, Electronic Re 
search Laboratory, Stanford University. 
P Oliver H. Fulton Jr., formerly as 
sistant to the president, has been pro 
moted to director of product planning 
for Underwood Corp. At the same 
time, Edson I. Small was appointed 
manager of market research. Fulton 
came to Underwood last year after a 
period as management consultant at 
Booz, Allen & Hamilton, and after 
extensive industrial experience in elec 
tronics development, engineering, and 
manufacturing. Small was formerly 
with Monroe Calculating Machine 
Co. in various sales management, mar 
ket research, and administrative ca 
pacities. 

» To handle its broadening scope of 
operations, Varian Associates has made 
several managerial shifts. Russell Var- 
ian, who has served as president, 
moves up to chairman of the board, 








ElectroData 
iS EXPANDING... 


Headquarter facilities in Pasadena are again being doubled to keep pace with the 
demand for DATATRON systems. 


ElectroData is the fastest growing manufacturer of electronic data processing 
machines, and has immediate openings for: 


CUSTOMER SERVICE ENGINEERS 
SYSTEM EVALUATION ENGINEERS 


Desirable qualifications are a degree in electrical engineering or graduate of an 
accredited industrial electronics school. Military radar experience or maintenance 
of digital computers or complex electronic equipment may be. substituted for 
academic training 

Customer Service Engineers will be in charge of an ElectroData data processing 
installation. These positions exist nation-wide 

Systems Evaluation Engineers will supervise an engineering team in the final 
checkout and evaluation of digital computer systems 

ElectroData policy is to pay top salaries to men of proven capabilities. Com- 
pany benefits are liberal and include: 


* Comprehensive Insurance and 
Retirement Program. 


Personal recognition. 

Extensive training program. 
Relocation expense. 

Salary and expense during training. 


MR. LEO THOMAS 


Engineering Coordinator 


ElectroData oivision of suenovens GD 
460 SIERRA MADRE VILLA, PASADENA, CALIFORNIA 
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SNAP ACTION RELAYS 
FOR MANY 
APPLICATIONS 


The Curtiss-Wright “Snapper” 
Thermal Time Delay Relay 


Wherever snap action, ruggedness, de- 
pendability and long life are required, 
a “Snapper” relay is a safeguard of 
your circuit. It is being utilized in auto- 
matic controls for highway and street 
lighting, for control of time delay in 
business machines and the delay of ap 
plication of plate voltage in thermionic 
tubes. 

Single pole, double-throw contacts op 
erate throughout an ambient tempera 


sealed and gas filled, It is available in 


ture range, unit is hermetically 


a metal envelope in either (7 or 9 pin) 


miniature or (8 pin) octal and also in a 





glass envelope in 9 pin only. The delay 
periods are preset in metal from 3 to 
90 seconds and in glass from 5 to 60 
Curtiss-Wright also manufac- 
tures the “Snapper” High-Low Difter- 


se onds 


ential Thermostat. This unit meets in- 
Write to 
Thermal Devices Department for com- 
plete information, 


dustrial and military needs 


| WHAT’S NEW 


and Sigurd Varian, formerly vice-pres- 
ident for engineering, becomes presi- 
dent. Chairman Varian will devote 
much of his time to directing the 
expanding research activities of the 
company. Emmet Cameron fills the 
position of vice-president in 
charge of the Tube Div., and Ralph 
Kane the post of V-P in charge of the 
Instrument Div. Cameron wa previ 
ously V-P for production, Kane th 
Instrument Diy Remain 
ing as executive vice-president, general 
manager, and chief executive officer in 
charge of all company operations will 
be H. Myrl Stearns. 

> Summers Gyroscope Co. has raised 
Marvin B. Ruffin to vice president and 
general manager from vice-president, 
customer relations. Befor 
Summers, Ruffin was chief engineer 
for Lear, Inc., and product. manager 
for Magnavox Co, 

> Palmer FE. Hakala, an ck 
engineer, has joined the staff of the 
Guided Missile Research Div. of The 
Ramo-W ooldridge Corp 

>» Gordon M. Piotrowski lias been ap 
pointed district application engineer 


for Clark Controller C 


new 


5 Manager 


joimnimng 


tronics 


Contwl Gases te 10.000 P-&/ 


WITH VICTOR GAS-0-DOME REGULATORS 


Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series 


VICTOR'S LONG EXPERIENCE 

IN PIONEERING HIGH PRESSURE 
GAS REGULATION ji, yours for the 
asking, For details, and complete 
data on Gas-O-Dome Regulators, see 
your VICTOR dealer or write us for 
catalog 341, Dealer inquiries invited. 


VICTOR EQUIPMENT COMPANY 


Mfrs. of welding & cutting equipment, hardfacing rods, 


blasting nozzles; cobalt & tungsten castings. 
844 FOLSOM ST. + SAN FRANCISCO 7 
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GAS-0-DOME 
SERIES 


DELIVERY 
RANGE (p.s.i.) 


SPECIAL FEATURES 


GASES HANDLED 





GD 30 
~ 6031 | 
woes | 
GD 628 


0-2500 
0-3600 
02500 
~ 0-3600 
05000 








High Delivery Flow Rates. 
Accurate Valve Control. 


Excellent Capacity. Compact — 7 
7 Ilb.— 4” x 6 ¢ 
—67° to +160° F. Range. 


Accurate Valve Control. 
— 67° to +160° F. Range. 


Self-Relieving Pilot Regulator | 
Control. High Flow Rates. 
High Pressure, Low Flow. Com- 

pact—4 Ib. —2” x 6” x 6” 





— Air 

Argon 

"x*¥6 Helium 
Hydrogen 
Nitrogen 
Oxygen 

—and others 
non-corrosive to 
bronze and 
Stainless steel 





21 











Corrosion Resistant. 


Ammonia (wet or dry) 
Boron Trifluoride 
Chlorine (wet or dry) 
Hydrogen Sulfide, 
Hydrogen Chloride, 
Sulfur Dioxide—and 
other corrosive gases. 














ENGINEERS 


fowgee™ 


— or 


Honeywell's new $4,000,000 plant in St. Petersburg, Florida 
will be the first plant ever built in this country exclusively 
for the design and production of inertial guidance systems 


HONEYWELL COMES TO FLORIDA: 


200 OUTSTANDING SCIENTISTS AND ENGINEERS immediate Design and Development Openings in 
ARE NEEDED FOR HONEYWELL'S NEW INERTIAL Inertial Guidance: 
GUIDANCE PLANT! Systems Analysts * Product Designers * Product Managers 


Right now Honeywell is selecting. for the Special Needs for Trained Personnel in the Following 

engineering and production staff of its new Florida or Related Fields 

plant, creative, forward-looking men with the Inertial Guidance Digital Computers 

scientific knowledge and ability to qualify Systems Engineering Computer Logic 

for this advanced work Mathematical Analysis Mathematical Analysis 
These men will receive first-rate salaries, have Platform Design and Programming 

unusual Opportunities for advancement and be Floated Gyro and 


Transistor Pulse Circuitry 
Accelerometer Design 


supplied with the finest in equipment and facilities 
Honeywell is spending $1,500,000 to equip its Precision Analog 
Computer Design 


Magnetic Memory 
Design 
new plant and more than half the space will be , 
¥ Transistor and Magnetic Panel Instrument Design 
allocated to engineering activities “eae ; 
1 FI ta | ts ideal | Near Circuits Electronic Packaging 
nis Ofida location affords ideal living earby : 
: ‘ : : , . : Optic and Ground Handling Equipment 
St. Petersburg has many cultural and educational ‘ $ 
Production Engineers are needed to solve 


advantages, and the entire area is noted for its 
production problem nve ed the manutacture 


climate and recreational facilities. Housing is 


of new products in the folle y fields: Stab 
plentiful, cost-of-living lower than w pro j r alle 


Platforms ¢ Inertial Instrus ® Inertial 
the national average. ) , ! ‘ Inertial 


Navigational Systems ¢ Electronic Amplifiers and 


Minn e@avrorres Calibrators 
Honeyw ll SEND RESUME TODAY if your interests and experience 


are related to the fields listed above. Mail imme liately 


e 


. _— , bsumé oO you ducation a | oxi a to 
Aeronautical Division b ESMURS OF YOUL COUCE perience 
Bruce D. Wood, Technical Director Dept TF-2 


1444 Stinson Blvd., N.I Minneapolis Minnesota 
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SYSTEMS 
ENGINEERS 


Electronic—Electro- 
Mechanical... for computers 
.fire control designs 


Librascope has openings for “ca- 
reer men to be assigned to the 
Special Devices Department — 
one of the four autonomous en- 
gineering development divisions, 
where each individual works 
closely with management—stays 
with his project from start to 
finish, Categories include: ana- 
log and digital fire control sys- 
tems engineers, transistor spe- 
cialists, servomechanisms engi- 
neers, and many others, 
Military projects in the Special 
Devices Division cover all 
phases of applied technology— 
mechanical, electronic and op- 
tical, starting with basic devices 
such as photo-reconnaissance 
cameras, photo-transistors, 
rocket and gun sights...and ex- 
tending to complete systems in- 
volving analog and digital com- 
puters 

oin a company that has the 
‘young man’s” viewpoint—pays 
well, assists in relocation — pro- 
vides subsidiary benefits and pro- 
fessional advancement, Contact 
Don Webster, Chief Engineer 


When ea Nevy photo i 





The Douglas 

A4D atom 

bomber is 
equipped with 
gun and rocket 
sights designed 
and produced 
by Librascope. 


Tanks... land 
navigation and 
fire control 
systems are 
long range 
Librascope 
projects. 





plene makes a jet-propelied *cam- 


ere strike,” the payoff is assured by Librascope viewfinder equipment. 


A SUBSIDIARY OF 
GENERAL PRECIGION EQUIPMENT CORPORATION 


LIBRASCOPE, INC. 6BO8 WESTERN AVE. -GLENDALE. CALIFORNIA 
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IBRASCOPE 


EMPLOYMENT OPPORTUNITIES 


wHar's anean:- MEETINGS 


OCTOBER 


Institute of Radio Engineers, Third 
Annual East Coast Conference on 
Aeronautical and Navigational Ele 
tronics, Fifth Regiment Armory, 
Baltimore, Md Oct. 29-30 


NOVEMBER 


Instrument Society of America (Phila 
delphia Section Instrument Fau 
and Symposium on Automatic Data 
Processing Systems, Bellevue-Strat 
ford Hotel, Philadelphia. Nov. 7-8 

NMAA, Second Annual Electronic 
Business Systems Conference, P.O 
Box 3584 Rincon Annex, San Fran 
cisco; Sheraton-Palace Hotel, San 
Francisco Nov. 15-16 

Third International Automation Ex- 
position and Computer Clinic, 
I'rade Show Building, New York 

Nov. 26-30 

American Society of Mechanical En- 
gineers, Annual Meeting, National 
Exposition of Power and Mechani 
cal Engineering, Hotels Statler and 
McAlpin, and Coliseum, New York 

Nov. 26-30 


DECEMBER 


Institute of Radio Engineers, Second 
Instrumentation Conference nu 
clear instrumentation-industrial ap 
plications, missile and wind-tunnel 
instrumentation), Biltmore Hotel, 
Atlanta, Ga. Dec. 5-7 

Eastern Joint Computer Conference, 
Institute of Radio Engineers, Amer- 
ican Institute of Electrical Engi 
neers, Association for Computing 
Machinery; them« New Develop 
ments in Computers’, Hotel New 
Yorker, New York Dec 10-12 

Radio-Electronics-Television Manu- 
facturers Association, Symposium on 
Applied Reliability, Bovard Hall, 
University of Southern California, 
Los Angeles Dec. 19-20 


JANUARY 


American Institute of Electrical Engi- 
neers and Institute of Radio Engi- 
neers, Symposium on Reliability and 
Quality Control, Hotel Statler, 
Washington, D. C Jan. 14-15 

American Institute of Electrical Engi- 
neers, Winter General Meeting, 
Hotel Statler, New York 1-25 


FEBRUARY 


Western Joint Computer Conference, 
Hatel Statler, Los Angeles 
Feb. 26-28 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technical, selling, office, skilled, manual, ete 


Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


———— 
NATIONAL anya RATES—— UNDISPLAYED 
The advertising rate is $17.80 per inch for all advertising ag $/ 80 per line, minimum 3 tines. To figure advance payment 


earring on other than @ contract basis. Contract rates quoted count 5 average words as a tine 


COVERAGE ses ~ 1) spell ©, payable 


An advertising inch is measured ' ) imn Box Numbers 
n inches to & page Discount of 10% 


' 
Subiect Agency Commission Not } et t A ' 


Send NEW ADS or inquiries to Classified Advertising Division of CONTROL ENGINEERING, P.O. Box | 








oe 


ENGINEER, ME EE or AE 


Controls Design 
Nuclear Aircraft Engines 


the propeller, followed by 
engine and now aircraft 





propulsion wit? ta tremen 

wer potential General Elec 

ANP Department has a career 
opening for the quaiified engineer wh« 
jesires to achieve the professional stat 


ire his talents deserve 


The present position requ 





years experience n aircraft 





accessory systems design anc< 
tion, and involves the design o 
engine controls Bott 


malytical abilit are desirat 


Openings in Cincinnati, Ohio 
and Idaho Falls, idaho 


Address replies, stating salary requirements, 
0 locatior f P 
eta heeceeee Provides MIDWEST Opportunities for 

J. R. Rosselot L. A. Munther Experienced Engineers 

G. E. Co G. E. Co 

P. O. Box 132 P. O. Box 535 : 

Cincinnati, O idaho Falls, Idaho In South Bend, hundreds of professiona! people 

: ; hove found a community adequately satisfying 


GEN ERAL ELECTR ic for o highly educated woy of life. Notre Dome 
‘ is on excellent center for technical, groduote 


study, os well as affording cultural opportunities 











Immediate openings available in research, design, 
test and development 


SALES ENGINEERS WANTED Clectro-Machanical Design 


Magneti Amplifiers 
Excellent opportunities for engineers with Nuclear Contre! Applicetions 
well established East Coast Industrial In Rocket ( sitry 

strument Manufacturer now expanding AIRCRAFT JET FUEL SYSTEMS Serve<Mechenion 
branch office coverage. 

Electrical, Mechanical, or Electronic Engi 
neers preferred. 

Openings in Oregon, San Francisco, St. 
Louis, and Detroit. 

Generous company paid benefits include 
hospitalization, pension, insurance, and 
vacation plans. 


Systems Evalvetion 
Thermo -dynomics 
Transistor zation 


Vibration Analysis 


Camputer Applications 
Heet Tronsfe 
Stress Anol ysis 


P-2084, ntre j 184 7 AIRCRAFT LANDING GEAR 


Ad D 


Structure 
Systems and Component Design or 
Testing 


AUTOMATION CHIEF Conventional Brekes 


Head new department of multiple plant manufac- Hydrou!ic Systems 

turer electro mechanical devices. Company showing AUTOMOTIVE COMPONENTS Mechanica! Design ena Test 
spectacular growth through commanding targer 
share of market and through corporate acquisitions Power Brake Research 
Starting salary $/2,000-$15.000, plus substantial Power Steering 
bonus. Company pays agency tee 


28 E. Jackson Bivd Chicago 4, Ill 
MONARCH PERSONNEL 














If you are interested in any of these engineering 
projects, send o summary of educetion ond ex - 
perience to 





EMPLOYMENT SERVICES 

Mechanical, Engineer Servemechaniem or in. technical Employment 

000 Edwards Employment Agencie Ine Department 5-8, 
Exec uti ves-Engineers 3 Warren St New BENDIX PRODUCTS DIVISION OF 
York 1 N. Y Barcley 6 BENDIX AVIATION CORPORATION 
Mm 40) Bendix Drive 

echanical & Electronics Engineer Dept head . 
to head up analog computer Dept, fee paid South Bend, Indiona 

-17,000 Edwards ikmployment Agenciec 
Inc., Executives-Engineers Warrer St 
New York 1 N. ¥ Barcley 1672 
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EMPLOYMENT OPPORTUNITIES 


Asked You 


WHAT YOU WANTED TO KNOW 





the Facts about ADVANCEMENT" 


“We want the Facts about SALARIES" 


“We want the Facts about the NATURE OF THE WORK" 


“We want the Facts about LOCATION" 


“We want the Facts about BENEFITS” 


“We want the Facts about POSITIONS OPEN...” 


REPUBLIC MUST FILL 63 POSITIONS IN THESE 21 FIELDS IN THE NEXT 3 MONTHS 


1. Aerodynamics 2. ~Flight Test 3. Dynamics 4. Thermodynamics 5. Electronics 6. Flutter & Vibration 7. Servos 
8. Weights 9. Weapons System Analysis 10. Analog & Digital Computers 11. Airframe & Mechanical Design 12. Antennae 13. Fire 
Control Systems 14, Flight Control Systems 15. Instrumentation 16. Stress Analysis 17. Operations Research 


18. Preliminary Design 19. Systems Engineering 20. Propulsion 21. Publication Engineering 
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EMPLOYMENT OPPORTUNITIES 


EMPLOYMENT OPPORTUNITIES 





(in a series of independent surveys) 


Engineers 


ABOUT JOB OPPORTUNITIES 


«- At REPUBLIC AVIATION expansion has added 43 new supervisory engineering posi- 
tions in the last 3 years to 156 already existing. 77% were filled by engineers on the 
staff from 1 to 20 years; 23% from outside the company. 54 additional technical spe- 
cialist openings created in last 12 months with 26 filled from within. 

100% of Republic engineers have received pay increases since January, 1955 and 40% 
have won increased professional status. 


At REPUBLIC, top of the industry scale is in force at all levels, but individual contri- 
butions bring added financial and professional recognition. 


Pioneering new concepts in aircraft design and missile science is the business of Repub 
lic Aviation. With such planes as the incredible new F-105 Thunderchief (5th in the 
series of famous Thundercraft) to its credit, the company is now attacking the fan- 
tastic problems involved in hypersonic flight. Advanced problems are being studied by 
the newly organized Scientific Research Staff. 


The Missiles Division is engaged in upper atmosphere research and kindred areas 
(military proposals, contractual projects and company-sponsored programs). 


We may be prejudiced but at REPUBLIC we think our location — LONG ISLAND 

is very hard to beat. This is the famous playground of the East Coast, where modern 
suburban communities are within easy reach of fabulous beaches...where a man can 
keep his own boat, play golf, tennis—even polo— yet be less than an hour away from 
downtown New York with its cultural, educational and entertainment facilities. 


At REPUBLIC, benefits include our famous 2-PART RETIREMENT INCOME 
PLAN that’s a model for the industry. Also EDUCATIONAL AID, covering 2/3 the 
cost of advanced study; BROAD INSURANCE COVERAGE — Life, Accident and 
Health plus Hospital-Surgical Benefits for the whole family. 


ALL-EXPENSE PAID RELOCATION PLAN for qualified engineers living outside the New York City-Long Island area 


Please send complete resume, including details of technical background, to 


AIRCRAFT 

Mr. D. G. Reid 

Engineering Personnel Manager 
Farmingdale, L. I., N. Y. 


mMIssiLes 
Mr. R. R. Reissig 
Administrative Engineer 
33 Jericho Tpke., Mineola, L. 1., N. Y 


SEE PF EIEEE AES AVIATION 
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EMPLOYMENT OPPORTUNITIES 





Electrical Engineers 


WE WILL TRAIN YOU IN THE 
FIELD OF SERVO AND CONTROLS 


An opportunity to broaden your experience while working 
on high speed aircraft, missiles, or the EARTH SATEL 
LITE. COMPANY SPONSORED EDUCATION PROGRAM. 


You will be trained in one of the following fields: 


SERVO ANALYSIS 

ANALOG COMPUTERS 

AUTO PILOT DESIGN & ANALYSIS 
INERTIAL NAVIGATION 

SATELLITE CONTROLS 

MAGNETIC AMPLIFIERS 


Contact Professional Employment Office 


MARTIN 


BALTIMORE 3, MARYLAND 





ENGINEERING OPPORTUNITIES 


Aircraft Radio Corp., the industry's leader in avi- 
onics for over 30 years, has openings on its staff 
for forward thinking engineers in the following 
fields: 


@ TRANSISTOR CIRCUIT 
PROJECT ENGINEER 
® SERVO AND INSTRUMENT ENGINEER 
& ENVIRONMENT—TEST ENGINEER 
—& COMPONENTS ENGINEER 


@ CHIEF ENGINEER TO HEAD SERVO AND 


INSTRUMENT DEPT. 
® ADVANCED TECHNICIANS 


WRITE OR CALL COLLECT: Personnel Manager 


@ AIRCRAFT RADIO CORPORATION | 


Deerfield 4-1800 Ext. 238 | 


BOONTON, NEW JERSEY 


216 CONTROL ENGINEERING 





To 
EMPLOYERS 


who advertise 


for MEN: 


When there are many appli- 
cants for a single position it 
frequently happens that the 
only letters acknowledged 
are those of the most promis- 
ing candidates. Others may 
not receive any indication 
that their letters have even 
been received by a prospec- 
tive employer much less 
given consideration. These 
men often become discour- 
aged, will not respond to 
future advertisements, and 
sometimes question their 
bona fide character. 


Every advertisement print- 
ed in the Employment Oppor- 
tunities Section is duly au- 
thorized. 


It will help to keep our 
readers interested in this ad- 
vertising if you will acknowl- 
edge every application re- 
ceived, even if you merely 
return the letters of unsuc- 
cessful applicants with, ‘’Po- 
sition filled, thank you” writ- 
ten or stamped on them. If 
you don’t care to reveal your 
identity, mail them in plain 
envelopes. 


We suggest this in a spirit 
of cooperation between em- 
ployers and the men replying 
to Positions Vacant adver- 
tisements. 


Classified Advertising Division 


McGraw-Hill Publishing Ce., Inc. 
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EMPLOYMENT OPPORTUNITIES 


WORK ON PROJECT VANGUARD AT HONEYWELL 


During the 1957-58 International Geophysical Year, the first man 


1} 


made satellite to be launched by the U. S. will be directed into it 


T 
i} 


orbit by an ultra sensitive guidance system for which Honeywe 
will supply precision gyro and reference platform equipment 
To help in this challenging and important work and other ad 


vanced projects, Honeywell needs 


outstanding creative cientist 
and engineers ofters them unusual O} portunitie s tor recognition 
and advancement 

You can expect a first-rate salary at Honeywell. A liberal benefit 
program includes generous Company paid insurance retirement 
plan and tuition allowances for advanced study 

You will work in small research and development teams which 


/ 


means your abilities will be qui , ly recopnize Salary increases 


and promotions are based entirely on merit 


You'll find Minneapolis a fine place to live, too. It’s a city of 
lakes and parks, a city where you can find gracious living for your 
whole family just ten minutes from where you work. Of course, 


Honeywell pays relocation and traveling expenses 


Honeywell 


H Aeronautical Division 








se MOF pt 
ign, Dev 
Engineer 
A.] 1] 
Chemustry 
SATELLITE AND ICBM INERTIAL PLATFORMS 
AND GUIDANCE SYSTEMS 
DIGITAL COMPUTERS 
AUTOMATIC FLIGHT CONTROL SYSTEMS 
JET ENGINE POWER CONTROLS 
ENGINE INLET 
DIFFUSER CONTROLS 
AIR DATA COMPUTERS 
BOMBING COMPUTERS 
FUEL AND OIL GAGES 
FLOATED AND NON-FLOATED GYROS 
TRANSISTOR AMPLIFIERS 





SEND RESUME TODAY — | 
and experience are related t 
fi af Kper ence tf 

! cal Director Dept 


1 NJ Minneap« 


NOVEMBER 1956 








EMPLOYMENT OPPORTUNITIES 


ENGINEERS ARE YOU IN NEEL 


wont | Byron Instruments Division OF ENGINEERS 








OFFERS EXCELLENT OPPORTUNITIES IN or of 


APPLICATION and SYSTEMS. ENGINEERING HIGHLY TRAINED TECHNICIANS 
for your Personnel Program? 


Openings for ELECTRICAL ENGINEERS, MECHANICAL ENGINEERS, 
PHYSICS MAJORS, in all phases of Industrial Instrumentation, includ- 
ing Automatic Data Processing and Nuclear Reactor Controls. We offer a free booklet especially 
prepared to help you solve this 
problem. It is called the “RESER- 
VOIR of ENGINEERS and TECHNI- 
CAL MEN.” 


Opportunities permit designing and working with equipment from 
the initial ordering through development to actual operational check- 
out. These positions offer excellent potential for men with ambition 
and inventiveness. Positions provide prestige and benefits offered 


by one of the leaders in INDUSTRIAL AUTOMATION. Dili bsclder chews, threvah o luting 


of the major job titles held by read- 
CONTACT OUR REPRESENTATIVE ers of McGraw-Hill Publications, 
how these men are gathered in con- 
MR. D, R. GARVEY venient, compact groups that you 
can economically reach with your 


HONEYWELL advertising. Here are no huge, 


swollen circulations, with expensive 


BROWN INSTRUMENTS price tags where maybe not one 


reader in a thousand would have 
Wayne & Windrim Avenues Philadelphia 44, Pa. the necessary job qualifications. 








In a recent advertisement one of 
the leading aircraft manufacturers 


rs ee Pn - A te? = 22. restated a well vedi but seldom 





almost any other engineering spe 


@ air-borne system engineers cialty with a minimum of time and 


effort expanded. 
@ project engineers on small rotating equipment 


practiced principle 
A trained, experienced engineer in 
one specialty can be retrained in 


@ instrument designers 
Work with a recognized industry leader . . . expanding Avionic reach men specifically trained for 


Division creates opportunities . . . complete engineering, labora 
tory and production facilities, 


your needs or technicians who can 
be easily and quickly retrained 


It is one of the purposes of this 
; booklet to show how you can best 


f this booklet 
We need men who want to get ahead on their own merits . . . ror your free copy of this bookle 
write us on your letterhead. You 

who are willing to do a job . . . and be rewarded accordingly. 


are under no obligation whatsoever. 
There is a limited supply so write 
You'll like Racine . . . our plant overlooks beautiful Lake us now. 
Michigan , . . it's just one hour to Chicago . . . and convenient 
a 
Inc. 


to Wisconsin's famous North Woods lakes and resorts. e 
McGraw-Hill 


Publishing Co., 


Classified 


MANUFACTURING CO. Advertising 
oft aviontic division { _ 


RACINE, WISCONSIN iS 330 West 42nd St., 


Let's get acquainted, You are invited to write the Director of 
Industrial Relations today. All communications are strictly 
confidential, 








= < New York 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 


“TERRIER” 


-ready for action! 


NE OF THE MOST potent defense 

weapons now in use by oul Navy 
iS a supersoni rocKet propelled, 
guided-missi illed che lerriet 
Well named, the job of this electrons 


cally-controlled watchdog is to 


track down an enemy and put him out 


of action befor ‘ in Strike 


Working in close cooperation with 
the Armed Services on this guided 
missile, Philco research, engineering 
and productios have made important 
contributions to it levelopment, This 
has been particularly true in connec 
ron with the roximity fuse the 
mechanism which extends the effective 
target range and enables the ‘Terrier 
to demolish an aircraft the moment tt 


gets in the vvcnity of the maraudert 


From the fir ketch to the final, 
super-accurate | echanism Philco pio 


neered ! 


an ompleted this issignment 
in cooperation with the Navy. Philco’s 
world famous scienufi knowledge and 
kill is a continuing factor in the de 

velopment of tomorrow's defense for 
your protection tomorrow s quality 
products for better peacetime living 


throughout the world 


U.S.S. Boston, the Navy's first guided-missile ship 
with its Terrier” ready for action, as it was 
commissioned at the Philadelphia Navy Yard. 


PHILCO is Currently Engaged in Long Range Industrial and Diverse Military Engineering Fields 
@ Guided Missiles e Radar e TRANSAC Digital Computers e Underwater Ordnance ¢ Bombing and Fire 
Control Systems @ Servo-Mechanisms @ Microwave Communication Systems e Infra-Red Devices « 
Transistor Circuit Application e Multiplex Equipment @ Television Relay Systems « Industrial TV « 
Color Broadcast Equipment e Forward Scatter Communications @« Fire Control Systems e REDAP 


Philco offers a wealth of career opportunities for qualified engineers 


PHILCO CORPORATION 


Government and Industrial Division, Philadelphia 44, Pennsylvania 


NOVEMBER 





EMPLOYMENT OPPORTUNITIES 





Opportunities for proj 


SERVO 
and 


CONTROLS 
ENGINEERS 


Opportunities are available in the following fields: 


ect engineers, technical 
specialists, and design 
and analytical person- 
nel on high speed air- 


cralt, missiles, and the 





EARTH SATELLITE 


SERVO ANALYSIS ANALOG COMPUTERS 
AUTO PILOT DESIGN & ANALYSIS 
INERTIAL NAVIGATION SATELLITE CONTROLS 
MAGNETIC AMPLIFIERS 
AUTOMATIC PROCESS CONTROLS 





Contact Professional Employment Office 


MARTIN 


BALTIMORE 3, MARYLAND 





@ are you looking for a young growth company—a leader 
in the use of systems approach to test facility and 
industrial process control systems—where the com- 
pany’s philosophy is to build a control system 
as a product and where the performance is 
not compromised in favor of last year’s 

components? 


openings now 
for these 
engineers: 
instrument field 
senior lab 
analytical 
@ applicants should possess basic knowledge and ex- 
perience in process control instrumentation or servo 
mechanism hardware. familiarity with electronic, 


pneumatic, and hydraulic components is desir- 


able. 


cdc control services, incorporated 


automation engineers 


project 
application sales 


electronic instru- 
ment development 


400 s. warminster rd. hatboro, penna. 





Research Opportunities at Battelle Institute 
ELECTRICAL ENGINEERS, MECHANICAL ENGINEERS, INDUSTRIAL ENGINEERS 
PHYSICISTS, and MATHEMATICIANS 


interested in RELIABILITY ENGINEERING are urged to investigate 
the employment possibilities at BATTELLE. 
Professional assiguments offer eutetanding growth possibilities in the fleld of elec- 
trenice and engineering in general. 
The Technical Educational Program furnishes the opportunity to secure an advanced 
de at no expense to the technologist 
The ent Program provides four weeks’ vacation after only five years’ employment. 


FOR DESCRIPTIVE MATERIAL AND TECHNICAL APPLICATION FORM. WRITE TO: 
Mr. Russell $. Drum 


Reliability Engineering Research 
BATTELLE INSTITUTE 


Columbus, Ohio 
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If you need effective, highly 


& readable, smartly illustrated 3 
y company literature (booklets, 


pamphlets, manuals) to display 4 


# your products, inform the public 3 
s of your operations, attract key ¥ 
: personnel to your plant, and per- # 
; form any of the other communi- 
: cative functions vital to your # 
business, let TECHNICAL WRIT- 33 
m ING SERVICE do the job for you. 4 


E WRITING * EDITING 3 


ILLUSTRATING 
PRINTING 


& We produce your publications, to 4 


your specifications. We give com- 4 


# plete service—from research and 
> planning through writing, design, 
& and printing. Let our staff be 2 
© your stoff. It will save you time 4 
& and money. 


— We Prepare — 


fF EQUIPMENT MANUALS 3 
* HANDBOOKS e¢ PRODUCT 
2 BULLETINS « TRAINING AIDS 
- PAMPHLETS « REPORTS 
= BROCHURES « COMPANY 
e HISTORIES « PARTS LISTS 
& and other such special material. 


Write © Phone 


TECHNICAL WRITING SERVICE 
McGraw-Hill Book Co Inc 
330 W. 42nd St N.Y. 36. N. Y 

‘ 4.3000 











CHIEE 
ENGINEER 


lf you have been responsible 
for the design and development 
of precision electromechanical 
equipment and servomechanisms, 
the chance of a lifetime may 
now be at hand for you at Bow- 
mar. One of the fastest growing 
firms in the field, we offer the 
right man an unlimited ceiling 
and the chance to progress into 
top management, shortly. Write 
now, to E. A. White, President, 
with your qualifications. All cor- 
respondence strictly confidential. 


Located in America’s Happiest City 
Fort Wayne, a good place for ANYONE 
the best place for a family man 


a, INSTRUMENT 
OWMAL CORPORATION 


2415 Pennsylvania St. * Ft. Wayne, ind 








1 eal at sa. is 2 


DYNAMICS AND 
PHYSICAL ANALYSIS 
RESEARCH ENGINEER 


Are you the man 
for this position? Require 
ments are: Mechanical En 
gineer with a strong mathe 
matical background; inter 
est in fundamental scien 
tific study, aptitude for lab 
oratory work, and ability 
to plan and carry out origi 
nal research investigations 
A background in mathe- 
matical analysis, mechanics 
and servomechanisms is 
important. Research proj 
ects include basic experi 
mental and analytical 
studies in the fields of me 
chanics, hydraulics, vibra- 
tions, dynamics and servo- 
mechanisms. The activity 
is principally concerned 
with analyses of mathe 
matical models of physical 
systems, analytically and 
on analog and digital com 
puting equipment. The po- 
sition is permanent, in The 
Cincinnati Milling Machine 
Co.'s large, newly equipped 
laboratory. 

Contact M. Eugene Merchant 
Assistant Director of Research 


The Cincinnati Milling Machine Co. 
MARBURG AVE., CINCINNATI 9, OHIO 


EMPLOYMENT OPPORTUNITIES 


Picture of a young man 


Planning a 


uecesstul Future! 


Success doesn't just happen to a 
company or to an individual. Success 
comes as a result of clear thinking and 
long-range planning. 

And that is just what the young 
engineer in the picture is doing. He 
is studying the many possibilities of a 
career in guided missiles. 

The book he is reading is entitled 
"Your Future in Guided Missiles with 
Bendix". It is one of the most complete 
guides to job opportunities in the 
guided missile field. It also contains a 


BENDIX PRODUCTS DIVISION 
MISSILE SECTION 
404C, Bendix Drive, South Bend, indiana 


Nome 


Prime Contractor Address 
for City 


TALOS MISSILE 


Please send me a copy of the book 
“Your Future in Guided Missiles.” 


detailed background of the functions 
of the various engineering groups such 
as systems analysis, guidance, tele- 
metering, steering intelligence, com- 
ponent evaluation, missile testing, 
environmental testing, test equipment 
design, reliability, propulsion and 
other important engineering 
operations 

Here is exactly the type of informa- 
tion that every ambitious engineer 
should have if he is concerned about 
his future. A copy of this thirty-six- 
page book is available to you. Just 
fill in the coupon. It may help you plan 
your successful future 


eo 


NOVEMBER 1956 
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CONTROLS 
ENGINEERS are KEY MEN 


at the SMALL AIRCRAFT ENGINE DEPT. 
of GENERAL ELECTRIC. 


A most important element of engine design is harnessing the power to 
bring the aircraft home safely This pute a Controls Engineer in a key spot 
Now unique opportunities exist for talented men to develop controls for 
new product line of advanced small turboshaft, turboprop and turbojet 
enuwines 

. 

in: ENGINE CONTROLS DEVELOPMENT 

Systems Design: responsibility to Evaluation: determine controls teat 
design and develop advanced sys facilities Direet component and 
tem erformance requirement ayateme testing Correlate teat 

p FRAN ’ eon data. Evaluate test results. Make 
schematic diagrams component recommendations to design groups 


and tast spesihoations Analysis: determine engine controls 
parameters Prepare 
Block diagrams Analyze controls 
stability Provide pe 
specifications, (system 
ponents) 


Component Design: desian, develop 


t « © spec « controls com 
and packag pecifi yntro ” rformance 


actuators, fuel and com 


ponents (sensors, 


flow componenta, ete.) 
RELOCATION 


Small Aircraft Engine Dept. 


GENERAL @@ ELECTRIC 


West Lynn, Mas 


Please write im 
strict confidence 
to; Mr. T. B. Woer 


(Hection R-A-3) 1000 Weatern Avenue 


Man Hunters 


.... Attention! 


When you are in need of specialized men for specialized jobs —- from gen- 
eral managers to supervisors contact them through the EMPLOYMENT 
OPPORTUNITIES SECTION of McGraw-Hill publications, 


The EMPLOYMENT OPPORTUNITIES SECTION is the national market place 
for those wanting the services of men in technical, engineering and operating 
capacities in the fields served by these publications. 


AMERICAN MACHINIST ELECTRONICS 
AVIATION WEEK ENGINEERING AND MINING 
JOURNAL 


BUS TRANSPORTATION 

BUSINESS WEEK 

CHEMICAL ENGINEERING 

CHEMICAL WEEK 

COAL AGE 

CONSTRUCTION METHODS 
AND EQUIPMENT 

ELECTRICAL CONSTRUCTION 
AND MAINTENANCE 

ELECTRICAL MERCHANDISING 

ELECTRICAL WHOLESALING 

ELECTRICAL WORLD 


ENGINEERING NEWS-RECORD 


FACTORY MANAGEMENT 
AND MAINTENANCE 


FLEET OWNER 

FOOD ENGINEERING 
NATIONAL PETROLEUM NEWS 
NUCLEONICS 

PETROLEUM PROCESSING 
PETROLEUM WEEK 

POWER 

PRODUCT ENGINEERING 
TEXTILE WORLD 


The men you need are the men who read the 


EMPLOYMENT OPPORTUNITIES SECTION of 
McGRAW-HILL PUBLICATIONS 


330 WEST 42nd ST., NEW YORK 36, N. Y. 
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IT 
At TAKES 
4 Two 


DISPLAY ADVERTISING 


* AROUSES INTEREST 
© CREATES PREFERENCE 


DIRECT MAIL 


® GETS PERSONAL ATTENTION 
* TRIGGERS ACTION 


After your prospect has been convinced 
by DISPLAY ADVERTISING, he still must take 
one giant step. He must act. A personal- 
ized mailing piece direct to his desk, in 
conjunction with a display campaign, is 
a powerful action getter. 


McGraw-Hill has a Direct Mail Division 
ready to serve you with over 150 spe- 
cialized lists in the Industrial field. 


To get your copy of our free inousTRIAt 
DIRECT MAIL CATALOGUE (1954) containing 
complete, detailed information about 
our services, fill in the coupon below 
and mail it to McGraw-Hill. 


Do it now! The best advertising programs 
are planned well in advance. 





Mc GRAW-HILL 
DIRECT MAIL LIST SERVICE 








Direct Mail Division, 
McGraw-Hill Publishing Co., Inc. 
330 West 42nd St., NW. Y. 36, N.Y. 


Please forward my free copy of the McGraw- 
Hill “Industrial Direct Mail Catalogue.” 


Nome 





Company 





Address 





City State 























PROFESSIONAL SERVICES 


Research @ Instrumentation 
Testing @ Control Systems 
Management @ Design 
Economic Studies @ Patents 








GEORGE P. ADAIR ENGINEERING CO. 


Coneulting Engineers 








COMPUTATION SERVICES 


DIGITAL COMPUTATION, PROBLEM 
ANALYSIS, PROGRAMMING 


Mir 








HANSON-GORRILL-BRIAN INC. 
Specialized Control System 
HMLECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 


Glen Cove, N. ¥ 
Glen Cove 4-7300 








KIRBY AND COPE ASSOCIATES 
HUMAN FACTORS 

Consultation on the design and utilization of me 
chanical and electrical equipment to suit man’s 
physiological and paychological capabilities 
Specialists in the cross-application of physical sci 
ence and engineering with biology, medicine and 
peychology 

1515 Ram io 0d Road Ral tim wre 12, Mad 

Tel. ID 3.3600 or PE 








T. W. KHIRALLA 
GEAR CONSULTANT 


Specializing in the design of gear trains for both 
power transmission and positional accuracy. Wide 
experience in ultra-high speed gear train design 


52 North Hancock Street Lexington, Massachusetts 
elephone Volunteer 2-4192 








SVERDRUP & PARCEL, INC. 
Engineers——Architect 
Comprehensive Control Engineering Services 
Systems analysis and desigr automatic controls 
and instrumentation fo omic energy chertr 
jeal plant vetre t veries stee! 

te f and other process 


St. Louis 1, Missouri 








CONTROL TRANSMITTER 


CLASSIFIED ADVERTISING 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale 


“OPPORTUNITIES” 











INSTRUMENTS FOR SALE 
NEW--USED—REBUILT 


IMMEDIATE DELIVERY 

on Many Makes & Models 
Large Number Temperature Controtiers, Precision 
indicators Continuous Line & Multiple Point 


Recorders. Leeds & Northrup Speedomax, Micra 
max; M.-H. Brown ElectroniKs; Foxboro & others 


Instruments Sold on Trial Basis 


Instrument Service Engineering Labs 
1201 Lamar St. ADams 2241 Dayton 4, Ohio 
pplles & Aces f 

ple-Operated Instrumer 
Repaired Rebuilt 
Bought Sold Rented 








EMPLOYMENT OPPORTUNITIES, 


DAAAAADAADH 


(Back in 
1895, 
that is) 


KBGGGGOEG 


A short 61 years ago, there were those 
who claimed that the great work had all 
been done . . . that no new discoveries 
of major importance were likely to be 
made in the future. At that very time, 
however, Professor Wilhelm Roentgen 
had begun a series of experiments des- 
tined to reveal a force of nature that 
would revolutionize medicine and tech- 
nology and become an instrument for 
deeper probing of the structure of mat- 
ter—the X-Ray. 


The 1895 cry certainly doesn't apply today! Farnsworth 
needs and wants qualified physicists and electronics 
engineers for research,development and production on 
ideas even more revolutionary than Roentgen's: Missile 
guidance, control and test equipment systems, micro- 
waves, radar and countermeasures, infra-red systems, 
industrial electronics, antennas, transistor and pulse 
circuitry and packaging. 
If you feel lost in a labyrinth of detail and routine . 

want a challenge as well as a change. . . you'll find 


ENOUGH HERE TO CHALLENGE 
A HUNDRED ROENTGENS! 


Prrseswrel 


Address Botte Employment Director 
FARNSWORTH ELECTRONICS COMPANY, FORT WAYNE, INDIANA 


A Division of International Telephone and Telegraph Corporation 


DOA AOADOA GOO 


NOVEMBER 1956 
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DESIGN IN TRIMMERS SPECIFY 


PRECISION wiRe WOUND} 
} 


Si beaiel 


FOREMOST IN THE —* 


) 
, 
' POTENTIOMETERS | 
j 


* 


PIONEER OF 


POTENTIOMETERS 
” 


-— 


DEVELOPMENT OF «| ~~ 
NEW DESIGNS 
* 


ALLED FOR PROMPT + 


DELIVERY -PRODUCTION, 


“@ERFT p 





METLFILM 


TIC, leader in the development of new designs for industrial and 
military applications, incorporated the most wanted features of a 
trimmer potentiometer into the modern design of the diminutive 
RFT. Advanced design extends from its compact, rugged case to the 
revolutionary metallic film resistance element. The simplicity of 
RFT design also makes possible production and delivery at a rate 
unequalled in the industry. 





Size, accuracy, and stability — essential characteristics of trimmer 
potentiometer combined in the low-cost RFT. Applicable as adjustable 
resistors or voltage dividers, the RFT provides infinite resolution . . . 
wide temperature range (—55°C to +125°C) .. . true miniature size 
(7 can be stacked in a square inch)... and wide resistance range 
(50 ohms to 25K). 


Mechanical features include a housing of red Alumilite base and 
stainless steel cover for environmental protection . . . stainless steel 
25-turn lead screw for precise, stable adjustment . . . precious metal 
contacts ... and light weight (0.38 oz.). 


a ¥ 

















PROTOTYPE 
_ q 
“~— 
Precision construction .. . en- 
vironmental stability ... and 


compact, modern design pro- 

vide versatility for wide ap- 

plication of the RFT for: 

e Balancing adjustments 

e Critical biasing 

e Trimming circuit voltages, 
currents, or resistances 

e Padding 

e Fixed gain adjustments 


e Critical threshold voltage 
adjustments 


e Variable parameter 
compensation 





F&P AUTOMATION IN ACTION 


The new alkylation unit at the McMurrey re 
finery in Tyler, Texas is controlled by a graphic 
instrument system manufactured by Fischer & 
Porter Co. One man can control the entire opera- 
tion of this 2200 BPD unit. In similar installa- 
tions, F&P automatic digital data logging systems 
are successfully and 


measuring tabulating all 


operating variables 


Your process can be just as efficiently controlled. 


F 


COMPLETE P CESS 


F&P’s experience in engineering and manufac- 
turing high-quality control systems for every kind 
of industry assures you of dependable, trouble- 
free, high-accuracy performance. 


Whether you’re planning a new facility or mod- 
ernizing an old one, now is the time to put auto 
mation to work for you .. . F&P automation. For 
more information write to Fischer & Porter 
Company, 796 County Line Road, Hatboro, Pa. 


FISCHER & PORTER CO. iieiwor, 2. 


INSTRUMENTATION. 


\ 


y 





